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ABSTRACT 
The environment is the sum of ail external influences and 
conditions affecting life and development of organism. The intensity of 
man's activities, diversity and magnitude of different types of waste 
introduced into the environment are increasing at an alarming rate. 
Environmental pollution is generally referred as the unfavorable 
alteration of our surroundings and occurs mainly because of the action of 
the men. Environmental pollution take place through changes in energy 
patterns, radiation levels, physical and chemical constitutions and 
abundance of organism. 
The Kali river as well as Upper Ganga Canal is highly polluted in 
the north-western region, as it receives a major share of pollutants from 
some of the biggest industrial estates all along the course in the western 
Uttar Pradesh. The worst polluted part of the Kali River lies between 
Muzaffnagar to joining parts of river Ganga, where the water receives 
industrial wastes from tanneries, textile mills, chemical distilleries, sugar 
factories, thermal power houses and metal based industries. Besides, this 
is also receiving a large number of untreated urban and domestic wastes. 
In the present study an attempt has been made to find out the 
groundwater resource development and sources of pollutants, their 
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viability and statistical correlation, if any, in their major and trace metal 
contents. 
The study area (Kali-Sengar sub Basin) fails under Survey of India 
Topo-sheets No. 54L/4, 541/2, 541/5 and 541/7 on 1:50,000 scale. It lies 
between longitudes 78*^ 06^  and 78^40^ E and latitudes 26^28^ and 28V N 
The district Aligarh falling in the national capital region is densely 
inhabited regions of the country. It is a part of Ganga- Yamuna doab, the 
Population of District Aligarh is Approximately 13,85,676 (Census 
2001). 
Physiographically, on the basis of physical features, the study area has 
been divided into three distinct physiographic unit 1. Eastern upland, 2. 
Central low land and 3. Western upland 
The area is drained by river which shows distinct braided 
character. The Ganga basin of Indo-gangatic plain forms the largest 
ground water reservoir in India (Ansari,2000) and it considered to be 
formed as a result of continent-continent collision between Indian and 
Asian plates. Higher alluvial surface in the area is drained by the Kali 
river. The Kali and Sengar rivers and upper ganga canal comprises the 
main drainage system in the study area. The major source of the recharge 
of the ground water bodies in the upper Ganga canal which flows through 
middleof study area. 
The area falls under the sub-tropical climatic zone with extremes in 
summer and winter. The temperature rise up to 44'^ C or even more during 
May. The average rainfall in Aligarh is about 754.12 mm . The 
precipitation arises from south west monsoon to September and accounts 
for nearly 80 to 90% of annual rainfall. The remaining 10 to 20% of 
rainfall occur from January to March. 
Geologically the area under investigation are characterized by the 
presence of thick pile of Quaternary alluvial deposits laid down by the 
action of river Ganga and their tributaries like Kali river. 
The study area is the part of great alluvial tract of the Indo- Gangetic 
alluvial plain. The Indo-Gangetic plain is supposed to be one of the best 
ground water reservoirs of the country. The litho-logs of the tube-wells 
drilled in the study area show that the alluvium within 40 to 50 m depth 
comprises mainly of sand with clay and kankar intercalations and is 
predominantly clayey at deeper levels. Aquifer system with the maximum 
thickness of 37.78 Gravel and calcium carbonate concretions are quite 
common at shallow depth as thin beds and lenses or as nodules 
disseminated in clay. The quaternary alluvium comprising sands of 
various grades, clay and silt intercalated with 'kankar' the various sand 
bodies' forms the prolific aquifers. Groundwater occurs under semi-
confined to unconfined conditions. 
On observation of the fence diagram it is clear that, there exist 
three tier-aquifer systems in the area. The top aquifer is unconfined in 
nature in general. Alternate clay and kankar beds indicate the deeper 
aquifers to be leaky confined in nature, fine to medium grained sand 
constitute the aquifer material in general. Layers of coarse sand are met 
occasionally in the area. Two or three layers of aquifer, ranging in total 
thickness 15 to 20 mts. alluvial deposits are highly porous and permeable 
because of the presence of sand and kankar. Groundwater occurs in the 
pore spaces of alluvial sediments in the zone of saturation. 
Networks of 82 observation wells were established and relevant 
hydrological data were collected. Water level measured in the observation 
wells are presented as pre-monsoon and post-monsoon. The detailed 
survey revealed that, the depth to water level in the entire region is 
observed within a range of 2.9 mts to 22.2 mbgl. The water level 
fluctuation indicating different fluctuation zones reveal the quantum of 
seasonal fluctuation. Seasonal fluctuation in water level varied from 0.4to 
1.9 m in 2006 and 2007. 
The aquifer parameter concluded that tested aquifer of thickness 
tapped as 27 meters is confined in nature. 
The utilizable groundwater resource potential of the Kali Sengar 
sub-basin is 29566.0 ham, out of which 15023.96 ham net draft is already 
being extracted for domestic and irrigational needs and 14542.04 liam is 
available for further development. 
In view of 50.81% of groundwater development, there is sufficient 
groundwater surplus available for fiirther development in the sub-basin 
which can be utilized through the construction of about 100 deep tube 
wells with pumping rate of 70-120 m7hour at a drawdown varying 
between 4 to 6 meters. Besides it, about 1000 shallow tube wells having 
discharge of 15-25 m /hour at an economic drawdown may also be 
constructed in a phased manner over a period of 5 years, observing the 
effect of groundwater development and water level trend from time to 
time. This will create an additional irrigation potential in the sub-basin 
The rapid industrialization, urbanization most irrigated land 
and anthropogenic activity in the study area have caused enviroimiental 
degradation of the area which has also resulted in ecological disturbances, 
increase in environmental pollution and decline in the available natural 
resources of the region. Several environmental hazards like degradation 
of agricultural land due to urbanization, adverse environmental impact 
due to brick kilns, mining, water logging, due to canal induced seepage 
and also because of shallow water table, flooding during heavy rain fall, 
poor drainage system and unplanned development of unauthorized 
development near the flood plain of kali and Sengar river. Aligarh, 
Hathras, Kasganj, Sikandra Rau, Purdilnagar, Atrauli, Jawan, and Jalesar 
are the most industrialized towns of Northern India and its important role 
in the economy of country. A number of industries located in the 
research area discharging their effluents without proper treatment into the 
kali Sengar river as well as Upper Ganga Canal and the solid waste from 
the various factories in the depression, consequently polluting the surface 
and sub surface water. 
The chemical quality of water in parts of Kali- Sengar river sub 
basin has been taken up from the analysis of 280 ground water samples 
and 40 soil samples for the study to evaluate it suitability for irrigation 
and drinking purposes. The physico- chemical analysis of the ground 
water samples collected from the different locations shows that the 
ground water in the area is hard and alkaline in nature. The chemical 
analysis of ground water / soil for major ions and heavy metals revealed 
that the concentration of major ions are very high and some of the toxic 
metals (Cd,Cr,Pb Fe, Ni Cr) present in ground water are more then the 
concentration of WHO (2003) permissible limit. The wide spread practice 
of dumping raw sewage in shallow soak pits has made apprehension of 
pollution of ground water in the area. Abnormally higher levels of trace 
elements were near the industrial areas indicating the effects of effluents 
on ground water. 
The plotting of analytical results shows that sodium or 
potassium is the dominant facies among the cations and majority among 
the anion facies of the samples fall in sulphate and bicarbonate type 
facies. Correlation coefficients among various chemical variables have 
been determined to study the relationship among quality parameters and 
shows high correlation between Na, K and CI in post-monsoon samples. 
In order to designate hydro chemical facies of the study area Morgan and 
Winner (1962) and Back (1966). The plotting of analytical results shows 
that Na-K C1-S04 and Ca- Mg- CI- S04 followed by Ca- Mg-HC03 
facies occur in pre and post groundwater as well as surface water samples 
of 2006 and 2007 except in surface water 2007 Na- K -CI S04 followed 
by Ca- Mg-Cl-S04 facies occurred. 
Ground water pollution in the basin is mainly due to indiscriminate 
disposal of industrial wastes on land and surface water charmels. Present 
investigation has revealed that the ground water is characterized by high 
content of pollutants as evident from high concentrations of toxic metals. 
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CHAPTER! 
INTRODUCTION 
General 
Water is an interdispensable prerequisite for inception, evolution and sustenance of 
life on the earth. It has always been a vitally important resource for man. Besides, 
ocean, the groundwater probably represents the largest reservoir of freshwater on 
earth. Water is critical and will remain critical to all the endeavors directed towards 
making the world even better and the scenario in India is no different. Land and water 
are the most vital resources around which overall development of a country rests. The 
strong interaction among them and inter-dependence with other components of the 
socio-ecological system underscores the need for putting these resources at the centre 
of any developmental effort. In the water sector, Indian efforts have so far 
concentrated largely on developing the resource, very little attention has been directed 
to ensure its efficient, equitable and sustainable use. Surface water and groundwater 
are two components under water resources developmental programmes and problems 
are being faced in managing both the resources. The subsurface water that occurs 
beneath the water table is termed as groundwater. The groundwater accounts for two-
thirds of fresh water resources of the world (Freeze and Cherry 1979). It is most 
dependable source for irrigation, even during period of moisture stress conditions. 
The study of groundwater encompasses the near surface, unsaturated, soil-moisture 
regime that plays such an important role in hydrological cycle as well as the much 
deeper, saturated regimes that have an important influence on many geologic 
processes (Anderson 2003) 
More than half the world's population depends on ground water for its survival. The 
alarming depletion of ground water resources in the last few decades has made it the 
focus of attention of administrators, planners and policy makers all over the world, 
making it one of the hot topics in recent times. 
In recent decades these ratios have been approached or exceeded in more than 
two dozen countries. The projected population growth of the next few decades could 
push yet another two dozen countries and hundreds of millions of people at the brink 
of water shortage and could face water scarcity by 2050, if charactive measures are 
not taken in time (Campbell 2003, Kumar 2003). 
Land and water are very cherished and valuable components of ecosystem, 
preservation of which is lies with the civilized society for its survival. It is obvious 
that large scale uncontrolled exploitation of land and water resources by mining and 
industrial activities for sustained development is expected to leave deep imprints on 
geo-environmental scenario. Such irreparable damage in the long run is likely to 
endanger the existing ecological balance of interdependency between biotic and a 
biotic components (Ravi Shanker,1992). It is more than evident; to understand the 
effects of land-water-air system on 'Mankind'. Over ninety percent of liquid 
freshwater available at any given movement lies beneath the land surface which the 
human races through the ages have striven to locate and develop it. With the growing 
human population and ever increasing demand of freshwater for various purposes, 
pressure has been mounting as this renewable but limited resource. Ground water has 
an important role in meeting the water requirements of agriculture, industrial and 
domestic sectors in India. Its importance as a precious natural resource in the Indian 
context can be gauged from the fact that more than 85 percent of India's rural 
domestic water requirements, 50 percent of its urban water requirements and more 
than 50 percent of its irrigation requirements are being met from ground water 
resources. The increasing dependence on ground water as a reliable source of water 
has resulted in its large-scale and often indiscriminate development in various parts of 
the country without due regard to the recharging of aquifers and other environmental 
factors. The unplanned and unscientific development of ground water resources, 
mostly driven by individual initiatives, has led to an increasing stress on the available 
resources. The adverse impacts can be observed in the form of long-term decline of 
ground water levels, de-saturation of aquifer zones, increased energy consumption for 
lifting water from progressively deeper levels and quality deterioration due to saline 
water intrusion in coastal areas in different parts of the country. On the other hand, 
there are areas in the country, where ground water development is still low-key in 
spite of the availability of sufficient resources. The canal command areas suffer from 
problems of water logging and soil salinity due to the gradual rise in ground water 
levels. 
The contribution of groundwater to irrigation is fifty four percent in terms of 
area. For the judicious development and management of this important natural 
resource, a thorough study is required about the mode of occurrence, movement and 
behaviour of groundwater in space and time. In India there are areas where 
groundwater development has reached critical stages and adverse effects are being 
obser\'ed. The role of groundwater to meet water supply requirement for domestic 
rural, urban, industrial and irrigation needs no emphasis. 
The continued vision free planning of water resources is likely to have serious 
implications in terms of food security, socio-economic stagnation and irreparable 
damage to the ecosystem. By the year 2025, as much as two third of world's 
population could be living in areas facing water stress condition (Pierre, Najlis, 1982) 
1.1 SCENARIO OF GROUND WATER RESOURCE IN INDIA 
India is a vast country with a highly diversified hydro geological set-up. The 
ground water behaviour in the Indian sub-continent is highly complicated due to the 
occurrence of diversified geological formations with considerable litho-logical and 
chronological variations, complex tectonic framework, climatological dissimilarities 
and various hydrochemical conditions. Studies carried out over the years have 
revealed that aquifer groups in alluvial / soft rocks often transcend the surface basin 
boundaries. Broadly two group of water bearing rock formations have been identified 
depending on characteristically different hydraulic properties, viz. Porous formations 
which can be further classified into unconsolidated and semi consolidated formations 
having primary porosity and Fissured formations or Consolidated formations which 
have mostly secondary or derived porosity (Fig. 1.1). 
The high rise mountain chains in the north with high runoff, offers little scope 
for groundwater storage. However, they play an important role in recharging the vast 
Indo-Ganga-Brahmaputra plains, flanked southwards extending over a distance of 
2000 kms from Punjab in the west, to Assam in the east. Multi-aquifer systems, 
explored down to 600 m, promise extensive and productive groundwater reservoirs. 
The aquifer systems are extensive, thick, hydraulically interconnected and moderate 
to high yielding (Sharma 2004, Romani 2006). 
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Figure 1.1: Hydrogeological Map of India (Source: CGWB 2004) 
The Ganga basin, which has high potential zones, for groundwater 
de\elopmental activities but unfortunately the pace and optimum utilization for the 
water resources have not been satisfying, and enough attention has not been paid to 
explore and evaluate the groundwater potential till date except top aquifers. More than 
95% of dug wells all over the Ganga basin have gone dry due to rapidly falling water 
level of the top aquifers. The only exception to this, are the canal command areas 
where the excessive seepage through unlined canal beds has given rise to water 
logging conditions. The present scenario is that of declining water table on one hand 
and water logging condition on the other, which require recharge of the depleting 
aquifer and lining of the canal networks. 
The physiographic features, climatic conditions and nature of soils control the 
groundwater resources which play a significant role in determining the groundwater 
resources and its development. Since the demands of water for various purposes is 
increasing day by day, it is. therefore, imperative that planning and development of 
water resources should be carried out at river basin or sub-basin level as far as water 
resources development is concerned. 
1.2 GROUND WATER RESOURCES ESTIMATION 
Rainfall is the major source of ground water recharge in India, which is 
supplemented by other sources such as recharge from canals, irrigated fields and 
surface water bodies. A major part of the development of ground water resources 
takes place from the upper unconfined aquifers, which is also the active recharge zone 
and holds the dynamic ground water resource. The dynamic ground water resource in 
the acli\'e recharge zone in the country has been assessed by Central Ground Water 
Board in association with the concerned State Government authorities and the 
National Bank for Agricultural and Rural Development (NABARD 2006). The 
assessment was carried out with Block/Mandal/Taluka/Watershed as the assessment 
unit and as per norms recommended by the Ground Water Estimation Committee 
(GEC 1997). As per the latest estimates of 2004, the annual replenishable ground 
water resource in this zone has been estknated as 433 Billion Cubic Meters (BCM), 
out of which 399 BCM is considered to be available for development for various uses. 
The remaining of 34 BCM is set aside for natural discharge during non-monsoon 
period for maintaining flows in sprmgs, rivers and streams. The state-wise ground 
water resources availability, utilization, stage of development and categorization is 
given in Table-1. The ground water resources availability and utilization in India is 
pictorially presented in Figure 1.2. 
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Figure 1.2: Groundwater Resources and Development Potential in India 
Growth process and the expansion of economic activities inevitably lead to 
increased demand for water for diverse purposes such as domestic, industrial, 
agricultural, hydropower. thermal-power, navigation, recreation etc. So far, the major 
consumptive use of water has been irrigation. While the gross irrigation potential is 
estimated to have increased from 19.5 million hectare at the time of independence to 
about 95 million hectare by the end of the year 2004, further development of a 
substantial order is necessary, if the food and fiber needs of our growing population 
are to be met with. The country's population which is over 1027 million (2001 AD) at 
present is expected to reach a level of around 1390 million by 2025 AD. (State 
Gazette, Uttar Pradesh, 2004). Exploitation of ground water resources should be so, 
regulated as not to exceed the recharging possibilities, as also to ensure social equity. 
The detrimental environmental consequences of over exploitation of ground water 
need to be effectively prevented by the Central and State Governments. Ground water 
recharge projects should be developed and implemented for improving both the 
quality and availability of ground water resources (Ministry of Water Resources, 
2004). The total quantity of fresh water on earth could satisfy all needs of the human 
population, where, it evenly distributed and accessible (Bobba et al. 1997) 
Ground water extraction for various uses and evapotranspiration from shallow 
water table areas constitute the major components of ground water draft. In general, 
the irrigation sector remains the main consumer of ground water. Data available from 
the census of minor irrigation structures (Table 1.2) indicates a three-fold increase in 
the number of ground water abstraction structures from about 6 million during 1982-
83 to about 18.5 million during 2001-02 (Figl.3). 
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Table.1.1 Growth of Ground Water Abstraction Structures in India (1982-2001) 
Type of Structure 
Dug well 
Shallow Tube well 
Deep Tube well 
Number of Structures 
1982-1983 
5384627 
459853 
31429 
1986-1987 
6707289 
1945292 
98684 
1993-1994 
7354905 
3944724 
227070 
2000-2001 
9617381 
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Figure 1.3: Growth of Groundwater Abstruction Structure in India (Source: 
Minor Irrigation Census, 2001) 
It is also seen that the growth has been more pronounced in shallow and deep tube 
wells (17 to 18 times) when compared to dug wells (about 2 times). This shift is 
probabh the combined result of deepening ground water levels and advances in 
drilling and pumping technology. The ground water draft ftjr the country as a whole 
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has been estimated as 231 BCM, about 92 percent of which is utilized for irrigation 
and the remaining 8 percent for domestic uses. Hence, the stage of ground water 
development, computed as the ratio of annual ground water draft to net annual ground 
water availability, works out as about 58 percent for the country as a whole. However, 
the development of ground water in the country is highly uneven and shows 
considerable variations from place to place. 
1.3 RESEARCH AREA 
In pursuance of the above, the present investigation has been carried out in 
Kali-Sengar sub-basin as part of Ph.D. programme, which forms part of the Central 
Ganga basin (Fig 1.4). The study comprises evaluation of the aquifer systems, their 
geometry, groundwater resource potential and water quality in parts of Kali-Sengar 
river sub-basin of Aligarh district. The quantified data base thus generated for the sub-
basin will provide basic data for the planning and hydrogeological management of the 
basin. 
1.4 LOCATION OF THE STUDY AREA 
The study area forms a part of Ganga-Yamuna Doab of Central Ganga plain. 
The Ganga basin forms a prominent physiographic unit of India. The area is located in 
the semi-arid ecosystem of Central Ganga alluvium plain. Geo-morphologically, it 
occupies the interfluves between the Ganga and Yamuna flood plains. The study area 
(Kali-Sengar sub Basin) falls in Survey of India Topo-sheets No. 54L/4, 541/2, 541/5 
and 541/7 on 1:50,000 scale. It lies between E longitudes 78°06^ and 78°40' E and N 
latitudes 26"28^ and 28^ 6^  N (Fig. 1.4 & 1.5). Almost all villages are well connected 
by motarable roads.The population of District Aligarh is approximately 13, 85,676 
(Census 2001). 
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1.5 STATEMENT OF THE PROBLEM 
The choice of the area was made due to its representative character. The sub-
basin presents a dual situation that is one of lowering of water table in some parts and 
rising water level leading to water logging and soil salinization in canal command 
areas. 
Systematic hydrogeological surveys were carried out in order to delineate the 
aquifer systems and their lateral and vertical extents, water resources and their quality. 
Kali-Sengar sub-basin is rich in groundwater potential which over the years 
has witnessed phenomenal increase in the numbers of shallow farmer's tube wells and 
state tube wells to meet the ever increasing water needs. In order to increase the 
irrigation facilities the Government of Uttar Pradesh has introduced the canal system, 
so this area has wide network of canals. 
1.6 AIMS AND OBJECTIVES 
The present study has been carried out in order to cover the different aspects 
of the de\elopment and management of groundwater potential as well as water quality 
status in parts of Kali-Sengar Sub basin with a view to define major water bearing 
zones, location, extent and inter-relationship of aquifers. Establish hydrological 
parameters of aquifers viz transmissivity, storativity and hydraulic conductivity. To 
study the movement of groundwater and behaviour of water level in time and space. 
Demarcations of groundwater recharge and discharge areas. Study the hydrochemical 
beha\iour of groundwater, surface water bodies and soil in the area. Evaluate the 
groundwater resources of the basin, water balance studies and groundwater 
dex'elopmenl. 
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1.7 METHODOLOGY 
In order to generate quantitative data based on hydrogeological and 
hydrochemical parameters, systematic groundwater surveys have been carried out to 
cover the different aspects of the development and management of groundwater 
resource potential followed by laboratory investigations. 
i) The available hydrogeological informations from the published literature 
and unpublished reports of Geological Survey of India, Central 
Groundwater Board (C.G.W.B.) and State Groundwater Department, have 
been collected and incorporated in the thesis as a part of literature 
collection. 
ii) Survey of India topo-sheets No. 54L/4, 541/2, 541/3 541/5 and 541/7 on 
1:50,000 scale were used to prepare the base map of the study area. 
iii) Rainfall data were collected from Meteological Lab, Physics Department, 
AMU, Aligarh processed and plotted. The rainfall data were analysed and 
the mean, standard deviation, coefficient of variation, occurrence and 
frequency of droughts were determined for the period of 1993 to 2007. 
iv) In order to generate hydrogeological data base a network of 82 observation 
wells were established. The wells are evenly spaced covering the entire 
area and groundwater samples have been collected from the observation 
well as shallow and deep tube wells. Besides, water samples from canals 
and rivers draining the area were also collected and analysed. 
\) Repeated measurements to monitor the changes in water level, for pre- and 
post-monsoon during 2006 and 2007 were carried out. 
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\i) The aquifer material (sand samples) collected from various drilling sites 
and also from the rivers Kali-Sengar beds through trenching. The aquifer 
material and river sands samples were mechanically analysed and data are 
plotted on the grading curves. Various parameters like effective grain size, 
uniformity coefficient and hydraulic conductivity determined. 
vii) Aquifer performance test were conducted through Pumping tests analysis 
at Atrauli, Jawan and Sikandra Rao to determine the various aquifer 
parameter. 
viii) Lithological logs of deep tube wells are used to study by using subsurface 
lithological characterstics, fence diagram and hydrogeological cross-
sections. 
ix) The hydrogeological data of dug wells were processed, plotted and 
interpreted. Various pre and post-monsoon depth to water, water table 
contour and water level fluctuation maps were prepared to analyse the 
changes in the groundwater regime in time and space. 
x) Groundwater balance studies were carried out to evaluate the utilizable 
groundwater resource potential for future development in a phased 
manner. 
xi) Water samples were analysed for major and trace elements to determine its 
quality for domestic and irrigation uses and in order to determine the 
vertical and lateral variation in water quality. Various hydrochemical 
facies are determined through plotting of chemical data on trilinear 
diagram. 
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xii) Concurrence and synthesis of hydrogeological, hydrological, 
hydrometeorological, hydromorphological and hydrochemical data have 
been attempted to generate a model for groundwater regime of Kali-
Sengar sub-basin presented in the present thesis. 
1.8 PREVIOUS WORK 
Various agencies had undertaken hydrogeological investigations of the Ganga 
basin for different purposes. 
In the year, 1935, Taylor carried out statistical analysis of the rainfall and 
spring level data in Meerut division as well as in the other parts of the Ganga basin in 
Uttar Pradesh. He conducted field experiments to study the transmitting capacities of 
the water bearing formations in selective regions of Ganga basin and came to the 
conclusion that in this alluvial tract, the tube wells of 1.5 cusecs capacity spaced a 
mile to one and half mile apart can safely be operated without any appreciable 
depletion in regional water table. 
Auden (1936) presented number of technical reports related to groundwater 
occurrence and suitability for sinking tube wells in Gangetic alluvial tract of Uttar 
Pradesh. 
Different scientists have carried out groundwater investigations and evaluation 
of the resources potential in parts of Central Ganga Basin. 
Dutt (1969) studied the hydrogeology and water-logging conditions in Aligarh 
district. He reported that the seepage from canals has created water logging conditions 
in the canal command areas. 
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Ahmad (1976) established for the first time, the depth to bedrock near Aligarh 
railway station in the district Aligarh. The thickness of alluvium overlying the Upper 
Vindhyan red shale was recorded at a depth of 340 meters below ground level. 
Khan and Nigam (1986) worked on geology and geomorphology of the sub-
basin and reported that the basin is probably carved out of Vindhyans basement floor. 
A number of studies on Groundwater Quality with respect to drinking, irrigation and 
industrial purposes have been carried out in different parts of country (Agrawal and 
.lagetia. 1997; Subba Rao, 1998 Majumdar and Gupta, 2000; Khurshid et.al 2002; 
Khurshid et.al, 2004; Khurshid et.al, 2008; Puranik, 2003; Subba Rao et.al., 2003, 
Subba Rao et al.2005, Subba Rao et.al,2006 Subba Rao et.al 2007). 
Khurshid and Kulshrestha (2004, 2008) worked on Ground water quality and 
pollution assessment in parts of Aligarh District. 
Kulshrestha (2005) carried out detailed hydrogeological. Groundwater Quality 
and Pollution Assessment in Jawan block of Aligarh district and found that the 
groundwater development in the block has reached to a critical level i.e. and 
concentration of heavy metals show high influx of iron, lead, mengnese copper, 
sodium and recommended that further groundwater abstraction from the shallow 
aquifer should be restricted. 
1.9 SCOPE OF THE PRESENT WORK 
The landfonn system analyses, land and water use patterns, geology, 
hydrogeology. hydrocheniistry and water resource evaluation studies of a part of the 
Kali-Ganga-Sot sub-basin of the Central Ganga Basin have been described under the 
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present study to provide a quantitative data base for the sustainable development of 
the basin. 
Climatologically, the area lies under the sub-tropical climatic zones of India, 
which experiences hot summer and chilly winter where the average annual rainfall is 
recorded 702.65 mm. The rainfall is the chief source of recharge to groundwater 
bodies, besides canal seepage and irrigation return flow. 
The application of remote sensing techniques have helped in delineating the 
various landform features such as palaeo-channels, meander scars, point/channel bars, 
channel scars, etc. in four geomorphic zones; Varanasi Older Alluvial Plain, Aligarh 
Older Alluvial Plain, Terrace Zones and the Recent Flood Plain of the Ganga river. 
Moreover, the digital image processing techniques have helped in narrowing the focus 
for groundwater targeting through deciphering the palaeo-channels, and the high 
moisture content zones. Nevertheless, the morphometric analysis of the drainage 
network proved its importance in understanding the groundwater conditions of the 
study area. 
Geologically, the Bundelkhand Granite of Archean age forms the basement 
which is unconformably overlain by the Upper Vindhyan rocks of Upper Proterozoic 
age. These Vindhyans underwent erosion for long times and on their eroded surface 
Middle and Upper Siwaliks of Neogene age were deposited. Thereafter, the basin 
subsided as an aftermath of the last but violent phase of the Himalayan uplift during 
the Middle Pliocene period which was followed by the deposition of the Quaternary 
alluvium. 
Hydrogeologically, the area has a single aquifer system down to 120 m.b.g.l. 
or more which at places is observed to be intercalated with 2-3 clay beds giving rise to 
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2-3-tier aquifer systems. In the top aquifer groundwater occurs under water table 
conditions whereas in the deeper aquifers groundwater occur under semi-confined to 
confined conditions. The pre and post-monsoon depth to water level varies from 3.0 
to 22 m.b.g.l. and 3.5 to 18 m.b.g.l. respectively, the water level fluctuation ranges 
between 0.4 to 2.0 m. Where the difference in fluctuations is controlled by the 
lithological variation. The elevation of groundwater table ranges from 178 m. in the 
northwest to 169 m. in the southeast above mean sea level (a.m.s.l.) which shows that 
the groundwater flow is from northwest to southeast direction. 
The comparative study of water table contour maps and piezometric contour 
map shows that they are almost similar in pattern which indicates that the Central 
Ganga basin aquifers are by and large interconnected in nature i.e. the top aquifers are 
connected with the underlying semi-confined aquifers. 
The surface water-groundwater interaction studies show that the left bank of 
the Ganga river is influent while the degradational right bank is effluent in nature. 
The pumping test data analyses were carried out where the aquifer parameters 
show that the values of transmissivity range from 522.29 to 3532.78 m^/dat, the 
values of storage coefficient range from 1.13x10' to 1.5x10" whereas the hydraulic 
conductivity values ranges from 37.31 to 112.87 m/day. 
The chemical analysis results show that the groundwater in the area is potable, 
slightly hard, alkaline in reaction, moderately mineralized and an alkali-bicarbonate 
type. However, the quality of water from the top aquifer is poor because of heavy 
toxic trace elements concentration which is slightly more than the permissible limit. 
The groundwater resource evaluation studies reveal that the net annual 
recharge has been computed as 433.63 M.C.M. while the net annual draft is 252.13 
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N4.C.M. thus leaving a balance of 181.49 M.C.M. as a utilizable groundwater resource 
potentials for future development. 
In view of declining water table in the Ganga-Sot interfluves it is suggested 
that a network of recharge canal be constructed to keep the withdrawal of 
groundwater in balance with the average annual recharge. 
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CHAPTER - II 
PHYSIOGRAPHY AND DRAINAGE 
2.1 GENERAL 
The area of investigation forms the central part of Ganga Yamuna interfluves 
which is bounded on the north east by the eastern margin of Kali river and south west 
by the western upland respectively. Apparently, the area appears as a vast level 
expose but on closer look, it represents a remarkable diversity of physical feature like 
upland, low land, abandoned channel and active channels of the Ganga and Yamuna 
rivers respectively. The area has a regional slope from north west to south east which 
ranges from 191.0 m above m.sl. in the north west to 179.0 m above m.sl. in the south 
east giving an average fall of 0.2 m/km which governs the natural drainage in the 
area. 
On the basis of physical features, the study area has been divided into three 
distinct physiographic units (Fig 2.1&2.2). 
1. Eastern upland, 2. Central low land and 3. Western upland 
2.1.1 Eastern upland: 
In the study area it lies between the eastern part of Kali river to the western 
part of upper Ganga canal. It has prominent topographic features, along with the 
upper Ganga canal traverses from NW to SE direction. Further eastern upland merges 
with central depression about 3 km west of the upper Ganga canal. The upland 
represents an older alluvium, comprising alternate sand and clay beds. The clay beds 
usually contains calcareous concretions which at places from a distinct 3-5 m thick 
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calcareous horizon below the land surface. The seepage through the upper Ganga 
canal has created a wide stretch of water logged area along with wide spread salt 
incrustation. 
2.1.2 Eastern low land: 
It lies between the eastern and western uplands which runs from NW to SE 
direction. In the study area it is 11 km wide and 20 km long. This depression is a 
prominent linear feature which comprises the district of Bulandshahar and Meerut in 
NW to Sikandra Rao and Etah in SE direction. It enters Aligarh district from the 
northern portion of Koil Tehsil and passes through Dhanipur block and extend up to 
Sikandra Rao sub-division occupying all the south western comer of the sub-division 
and finally passes in to Etah. Central depression of Ganga and Yamuna interfluves has 
been referred as older alluvial plain. This plain represents the depositional history of 
an earlier drainage which originated from the Bundelkhand and the Vindhyan uplands 
in the south of district and has a regional slope towards north. This tract is 
characterized by a clayey soil, imperfect natural drainage and numerous marshes in 
which surface water collect without, finding an adequate outlet. 
It represents various possibilities about its origin. Either it may be an 
abandoned channel of a big river or it is a structural dislocation in the bedrock 
topography which was later occupied and filled by Yamuna river. This supported by 
the drilling data at Talaspur well with 60 m thick grainular zone close to Sengar river. 
2.1.3 Western upland: 
Further, the western margin of the central depression gradually rises up and 
join the western upland. This upland is drained by Karwan in the mid east. It forms a 
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watershed between the Ganga and Yamuna system. The top soil is usually sandy and 
ibrm recharge area. 
2.2 GEOMORPHOLOGY OF THE AREA 
General statement: 
Geomorphologically, Gangatic plain shows on south to south easterly sloping 
planer surface with northern part formed due to contraction and expansion of alluvial. 
Fans in response to climate changes during Quaternary period (Ghose and Singh, 
1988). The classical literature on the Ganga alluvial plain gives a very generalized 
idea about the geomorphic feature of the Ganga plain (Oldham 1917) defining two 
morphostratigraphic units namely older alluvium which forms the higher interfluves 
area and newer alluvium which forms the deposits of major active river channels. 
Geomorphologically, the area comprises Palaeo flood plain of the Ganga in 
the east and Varanasi Older Alluvium Plain in the west, with Aligarh Older Alluvium 
Plain and Recent Flood Plain of tributaries of the Ganga and Yamuna Drainage 
system occupying the area in the middle (Fig 2.1&2.2) generally referred as central 
depression. 
The Varanasi Older Alluvial plain represent the remnant of a planner surface 
and occupies major portion of the area. Extensive agricultural, activity in being 
carried out on this surface. Aligarh Older Alluvial Plain represents channel fill of a 
north flowing palaeo-drainage system. The terrace zone identified by their linear 
pattern and continuous development at a level higher than present river channel. It 
represent the palaeo flood plain of Ganga river in the eastern part. The boundary 
between the VOAP and the terrace zones is demarcated on the basis of total variation 
and land use 
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pattern. Terrace zones are further followed by the Recent Flood Plain of Ganga river 
which is identified by its medium to bright low and irregular shape. 
2.2.1 Varanasi Older Alluvial Plain (VOAP): 
This geomorphic unit corresponds to the Older Alluvial Group of the Indo 
Gangatic Plain (Iqbaluddin, 1992). This term "Alluvium" is derived from the latin 
word which means "flood", is more or less stratified deposits of gravel, sand, silt, clay 
or other debris moved by streams from higher to lower ground (Fairbridge, 1968) In 
the Indian context the term alluvial has been used for Quaternary deposits which are 
genetically related to the fluvial dynamics. The alluvial deposits of the Indo Gangetic 
Plain which have a mix source with dominant clastic supply from the Vindhyan 
upland during the Pleistocene sedimentation which constitute geomorphologically the 
VOAP. 
The VOAP is characterized by uniformity in photo characters, gentle to 
moderate slope and extensive agriculture activity. This geomorphic unit occupies 
most of the study area of the higher topographic level with ranging from 195.0 m to 
181.0 m above mean sea level. The VOAP is characterized by moderate to gentle 
slope and sharp contacts with the terrace zone and obscure boundary with Aligarh 
Older Alluvial Plain. Analysis of bone hole data (Appendix 4.1) indicate the upper 
60-70 meters of the sequence is composed dominantly of sand. 
2.2.2 Aligarh Older Alluvial Plain (AOAP): 
This geomorphic unit covers the central part of the study area and forms low 
l}')ng ph'ms. It is represented by palaeo-flood plain of an earlier north flowing 
drainage system, which originated from Vindhyan highland in the south and had a 
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regional slope, towards north west. The extensive development of palaeo-channels are 
the main characteristics feature of this geomorphic unit (Iqbaluddin 1992). 
This plain is having very poor vegetation cover because of the high incidence 
of the alkaline patches. It is also characterized by higher relief which have a sharp 
contact with the Varanasi Older Alluvial Plain. 
2.3 TERRACE ZONE 
The river terrace seen in the Ganga kali sub basin represents the vestiges of 
older, younger, and recent flood plain of the river. Depending on the surface over 
which these vestiges are developed and terrace have assigned to their position in 
morphochonology of the area. The terraces which are specially associated with the 
tributaries of the Ganga river designed as T2 and Ti surface which are observed in the 
study area. Chronologically T2 is older than Ti and they corresponds to Never 
Alluvium Group (Iqbaluddin 1997). 
2.3.1 Ti Terrace: 
This surface is upland surface, it is developed on Older Alluvium and occurs 
at the highest level. The terrace represents the Oldest Flood Plain. The boundaries of 
T2 terrace is irregular and sinuous due to extensive erosion which has been 
multidirectional and polycyclic. This suggests that these are remnant of an extensive 
planner surface. 
2.3.2 Ti Terrace: 
T| terrace occurs as a continuous linear stretch between T2 and recent flood 
plain of Kali River. It represents the Palaeo-Flood Plain deposits of the Ganga River. 
The development of Ti surface represents a period of rejuvenation of kali drainage 
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system which resulted in deep incision in to Older Flood Plain deposits. Ti terrace 
which is separated from the recent flood plain by break in slope which varies from 1 
m to 2.0 m the nick points have been erased by extensive agriculture activity along the 
unit. This surface is restricted with in the river valley. 
2.3.3 Recent Flood Plain of Tributaries of Ganga (To): 
The recent flood plain of tributaries Ganga covers a part of study area which is 
occupied usually by flood water, during the flood season. The evolution of To is the 
result of the development of entrenched meanders in the kali river. 
2.4 DRAINAGE: 
The area of investigation is drained by the kali and the sengar river (Fig. 
2.1&2.2). 
2.4.1 River Kali: 
The kali river is practically the only tributary of the Ganga which traverse the 
study area. Rising in Muzaffarnagar, it passes through Meerut and Bulandshahr before 
entering this district on the northern border, close to the Atrauli road railway station. 
Thence it takes a devious but generally south easterly course along the western and 
southern borders of the Atrauli Tehsil, passing in to Etah near the village of Berhai. 
The river is not navigable, but is of a perennial nature and its volume is increased by 
surplus w ater from the Upper Ganga Canal. Occasionally it rises in flood during much 
to low land along its course. The water is used to some extent for irrigation, but only 
in the low land, the sandy uplands of high bank on either side being precarious nature 
and apt to suffer from drought. The width of river where it enters the distt. shrinks to 
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some 30 feet and the depth to three feet in the hot weather, but during the rains it 
becomes a stream of considerable magnitude. 
2.4.2 Sengar River: 
Sengar river is a tributary of the Yamuna river. It drains through the central 
depression drawing water from numerous swamps. It emerges from the Great Awdhan 
take to the south of Panethi on grand trunk road, but it drives a considerable supply 
from a large drain excavated in the low lying tract. This is called the Lahtoi drainage 
cut and starts near the village of Barauli in north part of study area, thence running 
southwards and collecting all the drainage from the numerous swamps and 
depressions to the west and south of Harduaganj. From the Awdhan the sengar flows 
almost due to south through the south east corner of Aligarh Tehsil, and thereafter 
traversing the west of Akrabad from a few miles, leaves the subdivision at Barhad and 
enter into Hathras. Unless utilized as a canal escape, the Sengar is a practically dry in 
the hot weather; but in the rains it performs a very useful function and attains 
respectable dimensions. Its banks are sloping, and in most of places the bed is of soft 
clay. 
2.5 SOILS 
The unconsolidated sediments of Central Ganga plain are formed by two 
major groups i.e. the older alluvium and the newer alluvium. The newer alluvium 
mainly occurs in the flood plains of the river whereas the older alluvium is found in 
extensive tract of uplands that are above the flood levels of the main rivers ad their 
tributaries. 
The development of soils in the area was controlled by the sedimentation 
pattern and landscape evolution during the Quaternary Period. The Central part of the 
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area has palaeo-drainage which emerge from the Bundelkhand upland and drained by 
Central depression of the Ganga Yamuna interfluves. The area close to the Upper 
Ganga Canal is water logged, the area with shallow water table exhibit development 
of saline soils. 
Thus the soils formed under different climatic, physiological and 
geomorphological conditions in geological past, considerably differ in their colour, 
texture, grain size, structure and consistency. According the soils of the study area, 
has been grouped in to three classes on the basis of their physical characteristic, their 
spatial relationship with the land forms by the Department of Agriculture, 
Government Uttar Pradesh which are as follows: 
1. Eastern upland soil series 
2. Central low land soil series 
3. Western upland soil series 
2.5.1. Eastern upland soil series: 
This soil series extend from the Harduaganj distributary to the north eastern 
part. Geologically it repreents Older Alluvium formation and geomorphologically it 
co\'ers the terrace zone of the Ganga river. The soil is light brown to deep brown in 
colour and is loam to sandy loam in texture. It is also made up predominantly of sand 
followed by silt and clay. 
2.5.2. Central low land soil series: 
This soil series extends from the western part of the eastern upland to the 
eastern parts of the western uplands soil series. Geologically, it represents Older 
Aliu\ial formation. This tract represents a paiaeo drainage emerging from 
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Bundelkhand and Vindhyan uplands having northly paiaeo slope. Due to poor 
drainage and presence of calc. concentration in subsoil, the extensive spread of saline 
soils ha\e been formed in this region the soil is grey to dark grey in colour and loam 
to clayey loam in texture. 
2.5.3. Western upland soil series: 
This soils series covers the western part of study area. Geologically, it 
represents Older Alluvial formation and geomorphologically this soils form the Older 
Alluvial plain. On the basis of soil series this type of soil has been assigned to western 
upland soil series. It is brown to reddish brown in color and is sandy loam in texture. 
2.6 LAND USE PATTERN 
"Land use in any kind of permanent or cyclic human intervention to satisfy 
human needs either material or spiritual or both from the complex of natural and 
artificial resources which together are called land" .Land use in the application of 
human control in a relatively systematic manner to the key elements with in any 
ecosystem in order to derive benefits from it. 
In the study area major position of land is used for the agriculture, residential 
and industrial purposes (Fig 2.1&2.2.) in which industrial areas are Harduaganj 
(Thermal Power Station) Manzurgarhi (Heinz India Pvt. Ltd.) Mirzapur Sia (Central 
Dair)' Farm and Hind Agro Ltd.) and Aligarh Industrial area in city and Tala Nagri. 
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TABLE 2.1 SHOWING LAND USE PATTERN 
Feature 
Settlement 
Road 
Railway line 
Canal 
Cropland 
Water logged 
Land affected salinity 
Perennial stream 
Seasonal 
Perennial ponds 
Seasonal ponds 
Others 
Area in percentage 
14.70 
0.81 
0.23 
0.81 
65.82 
3.23 
10.29 
0.20 
0.41 • 
0.15 
0.59 
2.72 
2.7 WATER USE PATTERN: 
Groundwater is an important source of water supply which is basically a 
remunerable source but the volume of water may vary great from place to place 
depending upon the climate, regional hydrogeology and rate of groundwater use for 
domestic, agriculture and industrial purpose. The use of groundwater has escalated 
significantly worldwide since 1960 (Fletcher 1986). 
Out of the total water resources of middle part of the Yamuna interfluves 80% 
is derives from groundwater source and 20 from surface water source. 
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Estimate groundwater use of the basin show that out of the total groundwater 
withdrawal 80% is used for irrigation, 15% for domestic purpose and remaining 5% 
for the other industrial purpose.(fig 2.3) 
2.8 HYDROMETEOROLOGY 
2.8.1 Climate: 
Climatically, the area enjoys a subtropical climate punctuated with severe 
summer and moderate to cold winters. The summer season starts by mid March and 
last up to mid or late June when monsoon sets in over the area. In the month of May, 
the temperature shoots up to 46°C, however the mean maximum temperature ranges 
around 42°C and mean 
SURFACE WATER 
D GROUNDWATER 
80% 
20% 
D IRRIGATION 
0 DOMESTIC 
D INDUSTRIAL 
5% 15% 
80% 
FIGURE2.3 WATER USE PATTERN 
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minimum around 18"C the relative humidity falls to as low as 36% during April. With 
the onset of the monsoon by mid or late June, reversal of minds direction takes place 
due to development of low pressure area over the north western India. The humid 
oceanic current from the Arabian sea, blowing over the peninsular India and Bay of 
Bengal, get further completely filled with moisture while passing the later area and 
brings temperature down. The air then becomes cool, thus heralding the rainy season. 
The mean monthly temperature is lowered to SI^C in July, the relative humidity 
increases up to 83% during the active monsoon period. July and August are the 
wettest months. The rainy season up to end of September. The area receives up to 
80%) of rainfall during this period under the influence of south westerly monsoon. The 
winter season started by mid or late November. During the winter season, the coldest 
months are December and January. In these months the mercury plummets to as low 
as 4°C, whereas max temperature during the winter rest around 21°C. The prevailing 
winds direction during the season is from north west to south-east. These winds are of 
continental origin and are mostly dry. The average speed of the wind is 9.3 km/h. 
2.8.2 Rainfall: 
The hot spell is followed by the onsets of monsoon which breaks around the 
2'"^  week of June ever year. The area receives rainfall mainly from south west 
monsoon during the months of June to September. However, heavy precipitation takes 
place in the month of July and August and monsoon recedes in September. The 
average annual rainfall for the kali-sengar sub-basin is 754.12 mm. 
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2.8.3 Areal Distribution of Rainfall: 
Isahyetal map (Fig 2.4) of the district where the eastern part of the district 
receives more than 900 mm and gradually decreases to 600 mm in the west proximal 
to the river Yamuna. 
2.8.4 Variability of Rainfall: 
The available annual rainfall data were collected from Aligarh, the nearest rain 
gauge station, for a period of 1901 to 2007, has been statistically analyzed. The results 
has been tabulated in the following table. 
TABLE 2.2 SHOWING VARIABILITY OF RAINFALL 
Highest rainfall 
Lowest rainfall 
Mean 
Standard deviation 
Coefficient of variation 
1431.8 mm 
72.8 mm 
683.33 mm 
247.41 
36.20% 
Further, the departure of annual rainfall from mean rainfall has been plotted 
(Fig 2.5) which shows wide variation from mean indicating the erecting nature of the 
rainfall. 
2.9 DROUGHT ANALYSIS 
Drought are the most widely recognized climatic perturbation relative to 
groundwater as surface water storage becomes more limited use of groundwater 
storage to modulate the effects of drought increases in importance as do potential 
enhancement by artificial recharge. 
If groundwater storage in large drought will be a small, if any, effect on long 
term water storage in an aquifer system, in contrast where groundwater storage has 
been substantially reduced by long term withdrawal for wells, it may be more limited 
as a source of water to help cope with drought. 
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The computations are mainly based on agriculture definition of drought which 
takes into account the negative departure of rainfall from the mean which are as 
follows: 
TABLE 2.3 TYPES OF DROUGHT 
Percentage of departure 
0.0-25.0 
25.0-50.0 
50.-75.0 
75.0-100.0 
Types of drought 
Mild drought 
Normal drought 
Severe drought 
Most severe drought 
Analysis for drought frequency shows that the area has been experiencing 
drought of varying intensity over the period 1901-2007. 
TABLE 2.4 ANALYSIS OF DROUGHT FREQUENCY 
Percentage of 
departure 
Mild drought (0-
25.0) 
Normal drought 
(25-50) 
Severe drought 
Year 
1902, 1903, 1904, 1906, 1909, 1921, 22, 
23, 24, 26, 27, 29, 30, 31, 32, 39, 40, 45, 
46, 48, 51, 52, 60, 65, 68, 69, 71, 77, 91, 
96, 99, 2003 
1901, 07, 11, 12, 15, 20, 28, 37, 38, 41, 
44, 52, 66, 70, 73, 74, 79, 87, 93, 97, 
2001,2006 
1905,1918.1953,73,85.2004 
Frequency (F) of 
occurrence 
32.0% 
22.0% 
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CHAPTER III 
GEOLOGY 
3.1 GENERAL GEOLOGY 
India is divisible into three distinct physiographic unit's viz., the Peninsular 
shield, the Himalayas and the Indo-Gangetic plain (Fig. 3.1). 
Peninsular shield is composed of geologically ancient rocks of diverse origin, 
most of which have undergone much crushing and metamorphism. Structurally, the 
Peninsula was supposed to represent a stable block of the earth crust which has 
remained unaffected by mountain building movement since the close of Precambrian 
Era, however in recent months doubts have been expressed about its stability. 
The Himalayas is a region of folded and over-thrust mountain chains of about 
65 million years old. Their curvilinear structure is very striking. They consist mainly 
of circular arcs which are convex towards Peninsula i.e. towards the rigid crust 
against which they appear to have been thrust (Krishnan, 1968). Though, the Extra-
Peninsula contains some very old rocks, it is predominantly a region in which 
sediments were laid down in a continuously deepening depression between two plates 
from the Cambrian to early Tertiary age. The rivers of the Himalayas are youthful 
and are actively eroding their beds in precipitous courses and carving out deep and 
steep sided gorges and flow across it in Order to join the plain. 
The Indo-Gangetic plains in which the study area lies, are broad, 
monotonous, level expanses built up of Quaternary alluvium was brought down by 
the ri\ers draining the Himalayas and which forms the major unit in, the geology of 
the Indian subcontinent. It includes the great alluvial tract of the Ganges, 
Brahamputra and Indus covering an area of 85000 sq. kms. (Krishnan, 1968). 
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The rivers of the hido-Gangetic plain flow sluggishly towards the Bay of 
Bengal or Arabian Sea. 
Geologists believe that below the alluvial covering, there is an appreciable 
diversity in the constituents of rock formation. Estimate of thickness of the Ganga 
alluvium have been ranged from about 15 kms to 4.5 kms (Oldham, 1917). Further, 
Wadia (1957) and Krishnan (1968, 1982) have been pointed out that beneath the 
alluvium, the sedimentary formation of Palaeozoic, Mesozoic and Tertiary ages may 
be found, which is supported by reported occurrences of Upper Proterozic Vindhyan 
in Ujhani and Aligarh. At Kanpur and Ujhani, however, Bundelkhand granite was on 
countered at a depth of 504 m and 2161m b.g.l. respectively. 
The most important basic data regarding the basement configuration and 
sedimentary basin of the Indo-Gangetic plains are provided by Centrl Groundwater 
Board. Basement depth contours for the whole of Indo-Gangetic plain have also 
been counted by aeromagnetic data which shows increasing thickness of sediments 
along the foot hills of the Himalayas. The maximum depth to the basement as 
indicated in Seismic surveys is about 6 kms along the northern boundary. 
The Indo-Gangetic plain can broadly be divided into the following five basins 
(Fig. 3.2) from west to east these are: 
1. Indus basin of Pakistan 
2. The Punjab basin in the Punjab 
3. Brahmaputra basin in Assam 
4. Bengal basin in West Bengal and Bangladesh 
5. Ganga basin in U.P and Bihar 
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3.1.1 The Ganga Basin: 
The Ganga basin, Occupying an area of about 250,000 sq.i<:m. falls within 
Long. 77° E and 88° E and Lat. 24° N and 30°N. It includes more than half of the 
total area of Indo-Gangetic plain. This basin comprises a great long sedimentary area, 
flat and monotonous which is drained by the river Ganga, and its various tributaries. 
The western margin of the basin is bounded by Delhi-Haridwar ridge with middle 
Proterozoic rocks and in the east by the Archeane Monghyr-Saharsa ridge. To the 
north, the Ganga basin is limited by outer most Siwalik foothills of the Himalayas 
bounded by the Himalayan Frontal fault which runs parallel to the 
Himalayas from west to east along the southern fringe of the basin, Bundelkhand 
granite-gneiss, Delhi Super Group and the Upper Vindhyan Group of rocks are 
exposed. The Ganga basin represents a large scale regional depression on the 
northern margin of the Indian platforms and is considered as super order crustal 
structure of negative character most probably forming a northerly continuation of 
Vindhyan Syncline (Shastri. 1971) (Fig. 3.3 ). 
Singh(1996) describe that the compressive forces due to collision, and thrust 
fold loading produced the Ganga plain foreland basin in Early Miocene. The basin 
expanded in the middle Miocene, and attends its present configuration in the Late 
Quaternary. The basin shows a mature stage of evolution, with over supply of 
sediments and upper filled conditions exclusively by fluvial process. The analysis of 
the observation of the above scholars leads to conclude that Ganga basin originated as 
a result of creation of a depression in front of the newly risen Himalayas during the 
Pliocene- Pleistocene period, when Himalayas under the severest phase of folding 
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and faulting. The sediments brought by the rivers of the younger Himalayas as 
well as northern fringe of the peninsula later filled the depression has given rise to 
present day configuration 
3.2 ORIGIN OF THE GANGA BASIN 
According to Krishnan (1982) the Indo-Gangetic alluvial trough is a region 
whose origin and structure are closely connected with the formation of the 
Himalayas. He suggested that the Gangetic plains owe its origin to a sag or 
depression which has been formed by buckling down of the crust in obedience to 
pressure exerted on the borders of the Peninsula by compressive forces. Valdiya 
(1982) interpreted it as a resultant effect of sagging of the northern flank of platform 
around the Bundelkhand shield following the main episode of the Himalayan 
orogeny. The depression was filled up with sediments brought by rivers flowing from 
the Himalayas and the Peninsula. Dickenson (1974) has emphasized that the major 
sedimentary basins developed between fold-thrust belts and the craton, over which 
the mountain belt is thrust. Miall (1981) and Bally (1981) call these basins fore-land 
rather than fore-deeps. Fore-land basins are asymmetrical, and deepest near to the 
fold thrust belt they migrate towards the fore-land and have resulted from downward 
Dickenson (1974) considers the Indo-Gangetic trough as the most impressive, present 
day peripheral fore-land basin formed as the result of continent-continent collision 
between Indian and Asian plates. 
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The basin has developed on the under thrust Indian plate and due to loading of 
thrust sheets in Himalayas causing a viscoelastic flexure in the crust allowing 
sediments to accumulate under fluvial process, flex Turing of the lithosphere by over-
riding fold thrust bolt (Beaumount, 1981). 
According to Singh (1989) the Gangetic plain is a part of active foreland basin 
(peripheral type) developed on the under thrusting Indian plate, in response to the 
thrust fold belt loading in the Himalayas. Further, Singh and Ghosh (1988) an Singh 
(1989) opined that during thrust-fold loading tectonics in the Himalaya, the Son-
Narmada lineament much to the south of the foreland basin was reactivated, causing 
uplift of Bundelkliand-Vindhyan plateau and development of northerly slope . 
The rate of subsidence of the old, rigid and cold crust of Indian shield was 
also low and sediment input by rivers, so that no marine transgression of Neogene-
quaternary time could enter into this foreland basin. The deep drilling data of the 
O.N.G.C. is contrary to this view of Singh, as the deposits of Neogene sediments are 
reported from all over the Ganga basin (Sastri, 1971; Rao, 1973). 
The exact thickness of the alluvium has not been ascertained, but recent 
gravity, magnetic and seismic explorations show that it is variable from less than 
1000 to over 2000 meters. Geologists differ in their estimates about the thickness of 
the alluvial deposits. However, the drilling carried out by O.N.G.C.(Oil and Natural 
Gas Commission) have yielded stratigraphic informations pertaining to the sub-
surface geological framework which indicates the presence of upper Vindhyans 
below the Siwaliks are as follows: 
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Table 3.1: Vindhyan Formation in Ganga Basin 
Wells 
Kasganj structural 
Ujhani deep well 
Tilhar 
Puranpur 
Depth interval 
(metres) 
620 - 1250 
1010-2062 
1718-2225 
3174-4235 
Thickness 
630 
1052 
507 
1061 
Age 
Upper 
Vindhyan 
Upper 
Vindhyan 
Upper 
Vindhyan 
Upper 
Vindhyan 
Depth 
interval 
O (0 _ CN V •£= CD ^ 69 5 - 1 -
wells "^ 
FIGURE 3.4 THE SUBSURFACE GEOLOGICAL 
FRAMWORK 
I thickness 
3.3 TECTONIC FRAMWORK OF THE GANGA BASIN 
On the basis of detailed Geophysical surveys followed by the deep drilling in 
the Ganga basin, tectonic framwork has been evaluated which consist of alternate 
ridges and depression. 
Geologically,Bundelkhand granite forms the basement complex,which later 
underwent faulting thereby, two intracratonic basin which are known as the east and 
west uttar pradesh shelves while the middle position remain as horst known as 
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faizabad high. Further these intracratonic basin becomes the site of deposition where 
Bijawars were unconfomably deposited on the granite basement. Thereafter lower 
and upper vindhyans were also deposited over the Bijawars and Bundelkhand granite 
during the upper Proterozoic era. The lower vindhyan in the ganga basin are found 
only in the shelves in the Madhubani Graban where as the upper vindhyans are very 
well developed in west uttar pradesh shelves.After that these vindhyan rock formation 
underwent post vindhyan faulting and erosion for about 500 million years till the 
neogene siwalik were diposited on its eroded surfaces. Further they were subjectid to 
down bulking during the final phase of Himalayan orogeny and thereafter started the 
deposition of Quaternary sediments which consist of alternate layers of sand and 
clays intercalated with calcareous concretion 
The term ridge as applied to the structural features of the Ganga plain refers 
only to the linear aeromagnetic anomaliesand should not be understood in the normal 
sense of term . These ridges might have formed important topographic divided at the 
time of Vindhyan depositions but subsequently peneplaned as the overlying Siwalik 
occure with nearly uniform thickness across these ridges. Similarlythe word 
'basin'appiied to areas between these ridges,should not be understood as 
representing truly Syncline depression ( Karunakaran and Rao, 1976). According to 
Shastri et.al.(1971), the Ganga basin is divisible in to East Uttar Pradesh Shelf, 
Faizabad high. West Uttar Pradesh Shelf, Sarda depression and Gandak depression 
(fig 3.5). The Ganga basin has been classified in to two major sedimentary cycles 
seperated by a pronounced unconformity, which includes the pre and post 
unconformit}' cycles.The pre unconformity sequence is represent by Bahraich 
Sahaspur cycle consisting the Bahraich group, Madhubani cycle comprising of 
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Madhubani formation (Lower Vindhyan) and Puranpur cycle represent by Ujhani 
Tilhar and Tanakpur formation (Uppar Vindiiyan) while the post unconformity cycle 
is represented by Neogene molasse. 
Recently Pramanik et.al.(1996) has given more precise classification the 
Ganga basin, consisting of alternate ridges depressions which are as follows.(Fig 3.5) 
3.3.1 Basement Ridge 
a) Delhi- Sargodha ridge 
b) Delhi- Hardwar Ridge 
c) Bundelkhand- Allahabad Ride 
d) Shikohabad-Lucknow-Farenda Ridge 
e) Zamania-Sitamarhi Ridge 
f) Monghyar- Saharsa Ridge 
3.3.2 Structural Ridge 
a) Sahaspur depression 
b) Baharaich depression 
c) Puranpur depression 
d) Gandak depression 
e) Madhubani depression 
Beside these, there are major deep seated faults which control the basinal architecture 
and the sedimentation and post deposition structure of the basin. 
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(a) Delhi-Sargodha Ridge: 
It is a northwest- southeast trending basement massif separating the Bikaner- Nagpur 
basin from Punjab basin.The cratonic nature of this gently northwest ward sloping 
ridge is also known from the exploratory well drilled in Punjab. 
(b) Delhi - Hardwar Ridge: 
Delhi-Hardwar ridge trends under subsurface condition in the northeast 
direction towards Himalayan foothills,is a metasedimentary formation of middle 
Proterozoic age which practically forms the western limit of Ganga basin. 
(c) Bundelkhand-AIIahabad Ridge: 
It followed east structural trends up to Varansi.This ridge has cratonic basement 
outcroping at the southern fringe of Ganga basin constitute the basement complex for 
sedimentary sequence in the Ganga basin(Shastri et.al.,1971) 
(d) Shikohabad-Lucknow-Farenda Ridge: 
This east-west trending ridge with complex structural features and looses its identity 
between bahraich and balrampur.This is essentially a product of the positive inversion 
of 35km. wide east-west trending grabon. 
(e) Zatnania-Sitamarhi Ridge: 
This is the northeast-southwest trending ridge and represent eastward extension 
of Bundelkhand-AIIahabad basement ridge.This ridge is bounded by northwest-
southeast faults.On the northwestern flank the fault is probably the continuation of 
Ganga fault,while the fault on the southeastern flanks demarcates the Madhubani 
depression. 
(f) Monghyar-Saharsa Ridge: 
This is the north east extension of the satpura folded belt. The ridge exposed at 
the right bank of the Ganga river near Monghyar extend in north-east direction under 
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the alluvium towards Saharsa town. 
Structural Ridge 
(a) Sahaspur Depression: 
This depression is relict Proterozoic intracratonic grabon that developed during 
Early Proterozoic by rifting of Bundelkhand massif along Tundla Baharaich axis 
during 1800 MY. 
(c) Puranpur Depression: 
This depression is initiated as pull apart basin at around 1017m years coeval 
with Delhi orogeny and genetically related to it 
(d) Gandak Depression: 
It appears to coverage northward and probably constitute the southern margin of 
succeeding pericratonic basin following a tilt towards north. The thickness of Gandak 
depression is more than 6000 meters, 
(e) Madhubani Depression 
This narrow depression is north-east extention of epicontinental Vindhyan 
basin.The basin initiated as transtensional rift.Patna fault defines the southern margin 
of this basin. 
3.4 SURFACE & SUBSURFACE GEOLOGY OF THE STUDY AREA 
"Flood", is more or less stratified deposits of gravel, sand, silt, clay or other 
debris moved by streams from higher to lower ground (Fairbridge, 1968). The alluvial 
deposits of the Indo Gangetic Plain which have a mix source with dominant clastic 
supph' from the vindhyan upland during the Pleistocene sedimentation which constitute 
geomorphologically the VOAP.( Varansi Older Alluvial Plain) 
Geological unit cavers the central part of the study area and forms low lying 
plains. It represented by palaeo-flood plain of an earlier north flowing drainage system, 
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which originated from Vindhyan highland in the south and had a regional slope, 
towards north west. The extensive developments of palaeo-charmels are the main 
characteristics feature of this geomorphic unit (Iqbaluddin 1992). 
The area under review is the part of Central Ganga basin and lies in the 
Central portion of the Ganga- Yamuna interfluves. Exploratory drilling arried out 
byOil and Natural Gas Commission (ONGC)in the search of petroleum and Central 
Ground Water Board (CGWB) in search of grounwater led determination of subsurface 
geologic sequence and its topography during the last four decades. 
The drilling operation by the Central Ground Water Board (CGWB) in Aligarh 
District encountered the bed rock at varying depths. The exploratory well drilled at 
Aligarh club compound close to Aligarh railway station in June 1976, encountered 
Uppar Bhander Shala at the depth of 340 mbgl.Beside in an exploratorywell drilled by 
CGWB, the Uppar Bhander sandstone which overlies the red shale was encountered at 
Saleempur. 20Km south-west of Aligarh city at the depth of 286.36 mbgl. Moreover, 
the same red shale was touched at Hathras almost 33km south of Aligarh cityat depth 
of 365 m bgl. The drilling at Kasganj by Oil nad Natural Gas Commission (ONGC) 
near the right bank of Ganga encounterd Lower Bhander limestone at depth of 620 
mbgl and Bundelkliand granite at a the depth of 2061 m bgl which very well 
established the sequence of rock formation from the basement of Quaternary alluvium. 
In the light of the above bore hole data it becames very clear that the sequence of 
geologic formation at Aligarh may be as follows. 
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Sequence of Geological 
Formation 
Depth range (m) Age 
Alternate beds of sandstone 
Occassionally intermixed 
Calcareous concretion 
0-360 Quternary 
Siwaliks 
Unconformity 
360-620 Neogene 
Upper Bhander Shale 
And sand stone 
Lower Bhander Limestone 
And sandstone 
Unconformity 
Upper Proterozoic 
(750MY) 
Bundelkhand Granite 
Basement complex 
Encountered at 2061 m 
2061 Archean 
(3000 MY) 
At a glance stratigraphic sequence of geological formation shows that the Bundelkhand 
Granite forms the basement complex which is conformably overlain by lower Bhander 
limestone and sandstone and further followed by the Upper Bhander shale and 
sandstone. Thereafter Upper Vindhyan were put to erosion for about 500MY and in the 
crake of final phase of the Himalayan orogeny during the Upper Pliocene period a 
trough was created between peninsula and the Himalayas which became the site of the 
deposition of the Quaternary sediments leading to the present configuration of the 
Ganga basin. 
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CHAPTER-IV 
HYDROGEOLOGY 
4.1 GENERAL 
India is a vast country having diversified geological formations, litho-logical 
variations, and tectonic complexity, geo-morphological and hydro meteorological 
dissimilarities which gave rise to different groundwater provinces (Charlu & Dutt 
1982). 
The large alluvial tract in Sindhu-Ganga-Brahmputra Plains extending over 
a distance of 2,400 km from Punjab in the west to Assam in the east, constitute one 
of the largest and most potential reservoir in the world. The Ganga basin is a part of 
this vast plain. The rate at which the upper aquifers are getting depleted, side by side 
with deteriorating water quality makes the investments already smade a huge waste 
because it would require further large investments for providing alternate safe distance 
(both vertical and horizontal) drinking water sources to rural population over 720 
million residing in 3.29 million square kilometers. India has witnessed phenomenal 
development of water resources and self-sufficiency in food grain, rapid expansion in 
the urban, energy and industrial sectors, and drinking water infrastructure for both 
urban and rural population. However, this achievement has been at the cost of rapid and 
extensive ground water depletion, water logging in some areas. As a result, India's 
finite and fragile water resources are under stress, while sectoral demands are 
increasing. Per capita water availability has been falling drastically as indicated in the 
table 4.1 below: 
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Table 4.1: Population and Water Availability Trends in India 
Year 
1947 
2000 
2025 
2050 
Population in Millions 
400 
1000 
1390 
1600 
Water availability in m3/yr/capita 
5000 
2000 
1500 
1000 
Clearly indicates that drinking water is a very small consumer of both the surface and 
ground water and over exploitation of ground water is primarily due to its extensive and 
indiscriminate use for agriculture. Comprehensive management and conjunctive use of 
both surface and ground water, incorporating both quality and quantity an aspect of 
water is largely lacking. 
hidia is gifted by nature with a large number of major rivers. There is an 
extreme disparity in distribution of water resources, spatially and temporally in these 
river basins due to unequal precipitation. The total utilizable groundwater potential of 
the country has been estimated as 43.2 m ha m per year. After making provision for 
domestic industrial and other higher priority uses the potential available for irrigation 
is 36 m ha m per year. Taking the country as a whole, about l/3rd of the potential is 
estimated to be utilized at present. The percentage of ground water development in 
Uttar Pradesh is 37.67%. Groundwater is the major source of water supplies for 
domestic, industrial and agricultural purposes in the study area. 
The utilization of water both surface and sub-surface depends upon the 
groundwater resources of the area. With the establishment of industries and- rapid 
increase in population, there is profound increase in the demand of water supply. 
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D Heavy extraction of Ground Water, especially for irrigation Groundwater levels in 
many districts have fallen by more than 4 meters (@>20cm/year) during 1981-2000. 
D 15% of the blocks fall under dark/grey/over-exploited area 
Figure 4.1: Declining Trends of Water Level in India (Source: CGWB) 
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Surface Water Withdrawals 
AGRICULTURE INDUSTRIAL 
89% \ 2% ! DOMESTIC 
9% 
Ground Water Withdrawals 
AGRICULTURE INDUSTRIAL 
92% V 5% , DOMESTIC 
Figure 4.2: Water Uses by Different Sector 
The Kali-Sengar river sub-basin comprises the central part of Ganga basin which 
forms one of the most potential groundwater provinces of India. The alluvial plain of 
Ganga basm, occupies a structural trough or down warp of earth crust, the origin of 
which is related to plate tectonic and Himalayan uplift. The Ganga plains is made up of 
a thick pile of quaternary unconsolidated sediments comprising clay, silt, sand and 
kankar in varying proportions, and are known to contain good aquifers. The Indo-
gangatic plain is the largest alluvial plain in the world ( Ansari et.al.2000).Aseries of 
hydrogeological and hydrochemical investigations has been carried out in the 
Indogangatic alluvial Plam in India.(Pathak 1985,1988; Khanna 1992; Singh et. all990 
Singh 1992; Ansari 1997; Zaheeruddin 1999, Sharma and Sharma, 1973, Sinha 1980) 
and alluvial aquifer in other countries ( Rosen and Jones 1998;Young et. al. 1998 
Jackson 1998; Chen and Gocke 1999; Keithl999). 
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4.2 HYDROGEOLOGICAL SETTING 
The Ganga basin forms one of the most potential groundwater provinces of 
India (Pathak, 1978) of which the state of Uttar Pradesh forms an important part. Out of 
a total area of 234,423 sq. kms. of the state, an area of 2,00,492 sq. km. has been 
covered by systematic hydrogeological surveys. The greater part of the state is covered 
unconsolidated formations having extensive and productive aquifers with yield 
prospects of more than 15 m^/hour. Extensive aquifers having yield prospects of less 
than 150 m^/hour are located in Western Ganga-Yamuna 'Doab' covering the districts 
of Ghaziabad and parts of Agra, Etah, Mainpuri, Mathura, Meerut, Muzaffar Nagar and 
Saharanpur districts; in the central part of the state covering parts of Barabanki, 
Faizabad, Lucknow, Rai Bareli, Sultanpur and Unnao districts and in eastern part 
covering the district of Ballia and parts of Azamgarh and Ghazipur districts. Local and 
discontinuous aquifers capable of yielding more than 150 m /hour are encountered in 
intermountain Doon valley. Southern marginal areas covering most of the trans-
Yamuna plains and the area covered by semi consolidated formations in northern Uttar 
Pradesh have local and discontinuous aquifers having yield prospects of less than 150 
nrVhour. In southern Uttar Pradesh fissured sedimentary and metasedimentary 
formations form aquifers capable of yielding more than 
20 m^/hour while the crystalline have local and discontinuous aquifers having yield 
prospects of less than 20 m /hour. 
4.3 HYDROGEOLOGICAL BACKGROUND OF THE GANGA BASIN IN 
UTTAR-PRADESH 
The Ganga basin forms one of the most potential groundwater provinces, 
of which Uttar Pradesh forms an important part (Pathak 1978). It is divisible into 
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four hydro geological units viz. (i) Bhabar zone (ii) Terai belt (iii) Central Ganga 
plain (iv) Southern marginal plain (Fig.3.1). 
4.3.1 Piedmont Zone (Bhabar): 
This is highly porous and permeable zone lying immediately south of the 
outermost Himalaya extending in the northwest-southeast direction forms the hydro 
geologic unit known as piedmont zone. This is a 10-30 km wide, elongated, steeply 
south sloping composite fans merging gradually with the adjoining hydro geologic 
unit of Terai due south. This is highly transmissive belt comprising poorly sorted 
boulders, cobbles, pebbles, gravels and sand with only minor amount of clay. It 
recharges all the deeper aquifers of the Ganga basin. In this poorly stratified 
piedmont deposit, groundwater occurs under unconfmed conditions. The water table 
is generally very deep along the foothills and commonly ranges from 30 to 50 
meters below ground level (m bgl), but gradually becomes shallower in the down 
slope direction and finally emerges at the surface as a line of springs which 
demarcate its south limits or its junction with Terai. Wells in this zone up to a depth 
of 160 meters generally yield 100 to 225m/hour for drawdown ranging between 2.7 
to 9.7 meters. 
4.3.2 Terai Belt or Wet land Zone: 
Sub-parallel to Bhabar, there occurs the Terai zone. It is a northwest to 
southeast trending belt of 5-15 km in width with gentle slope, constitutes the hydro 
geological unit known as Terai belt. The spring line forms its northern limit while the 
southern limit imperceptibly merges with the Central Ganga Plain. This comprises 
sand. gra\'els and some pebble beds interlayer with the thick clay beds. Factually, the 
Terai deposits are derived from the Bhabar fans through fluvial process. In this belt 
groundwater occur both under water table and confined conditions. Wells tapping 
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confined aquifers shows both flowing and non-flowing conditions. The Terai 
aquifers tapped by tube-wells within the depth of 200 m show the high yield 
potential in the range of 100-200m''/hour. 
4.3.3 Central Ganga Plain: 
This vast alluvial tract, lying between the Terai belt in the north to left bank 
of the Yamuna up to Allahabad in the south and further eastward to the left bank of 
the Ganga forms the hydro geological unit of Central Ganga Plain (Fig.3.1). This 
unit is characterized by a plain of very low relief and numerous depositional and 
erosional alluvial features. This plain presents surfacially two distinct sub units: The 
highlands or the composite flood plains and the low reverine areas or the meander 
flood plain (Dubey & Hussain, 1991). The Central Ganga Plain is made up of well-
stratified fine gravel, sand, silt and clay with the percentage of finer elastics 
predominating due east. 
The sand and clay beds exhibit wide variations both in their lateral and 
vertical extensions, building up interconnected regionally extensive aquifer systems. 
The principal aquifers underlying the Central Ganga Plain attain considerable 
thickness ranging from few meters to as much as 300 meters or more. Large 
capacity tube-wells are feasible along the meander belts of major river courses. The 
main water bearing formations lie within the depth range of 200 to 300 meters 
with very high discharges. 
4.3.4 Southern Marginal Plain: 
South of the Central Ganga Plain, bordering the Peninsular shield lies Southern 
Marginal Plain. The proximity of the Peninsular shield has set limitations to the 
thickness, nature and composition of the sediments. Throughout this zone sediments 
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generally have inconsistent thickness and lies within the depth range of 150 metres. It is 
characterized by semi arid to arid climate with mostly poor quality water. However, 
fresh water horizons, wherever they occur, only moderate capacity boreholes are 
feasible Thus, the Ganga basin has a vast reservoir of groundwater in the alluvial 
deposits underlying the region. The greater part of this basin is occupied by Central 
Ganga plain and the Kali- Sengar interfluves region is a part of this vast plain. 
J\ 
Legend 
Southern marginal plain 
Terai belt 
Bhabhar 
Central ganga plain 
Figure.4.3: Hydrogeological Division of Uttar Pradesh 
(Pathak 1978) 
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4.4 HYDROGEOLOGICAL FRAMEWORK OF THE STUDY AREA 
The area under investigation occupying tlie Kali Sengar sub basin is a part of 
Ganga Yamuna interfluves which forms apart of a central Ganga plain. The quaternary 
alluvium comprising sands of various grades, clay and silt intercalated with 'kankar' 
the various sand bodies forms the prolific aquifers. Groundwater occurs under semi-
confined to unconfined conditions. 
Kankar, silt and fine sand horizons, found within the uppermost clay sequence 
permit storage and movement of groundwater to a limited extent. This zone forms the 
water table aquifer and support hundreds of dug wells in the area. 
4.4.1 Formation of Alluvial Aquifers System: 
Rivers and streams build thick alluvial deposits, which contain the 
groundwater reservoirs. Each year about 30% of rainwater returns more or less 
directly to the world's ocean by rivers and streams. As this water returns to the sea, 
it erodes the landscape, deposit sediments such as sand and gravel along river 
courses (Fletcher 1987). 
The varied flow regime in the Ganga river system and the depositional history 
of the Quaternary alluvial plain has led to the evolution of the aquifers in the fluvial 
system which is basically dependent upon the hydrodynamics of the flow regime, 
geological setting and topography of the terrain. These depositional system are 
topically represented as the (i) Channel deposits (ii) Flood plain deposits (iii) Back 
swamp deposits (Kumar 2005, Umar 2006). 
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4.4.2 Channel Alluvium: 
It is confined to the active flood ciiannels of the rivers and defined by their 
banks, and occurs in the form of point bar, sand bar and lateral sand bars. The typical 
channel deposits from the bottom upwards comprises of coarse sand mixed with gravel, 
medium to fine sand, silt and a capping of thin clay. This clay cap and some fine sand 
layers are washed away during the succeeding flood period and a fresh body of sand is 
deposited again each year during the flood thus building up a thick terrigenous clastic 
deposit until the river changes its course as a result of some tectonic control. These 
thick bodies of sand provide the best potential for viable aquifers. This phenomenon of 
fining upward sequence was observed at Etawah in point bar of Yamuna river, 250 
km downstream of the study area. The top 4 m of the point bar of the Yamuna river 
at Etawah consists of 60-280 cm thick fining upward sequences (Kumar 2005). 
4.4.3 Flood Plain Deposits: 
The flood water erodes the river bank, transports the materials and finally 
deposits the very fine to medium sand particles over the flood plain area during the 
monsoon period. The lenticular bodies of sand form moderate aquifers in comparison to 
the highly permeable aquifer of channel deposits. 
4.4.4 Back-swamp Deposits or Oxbow Lake Deposits: 
The flood water, further moves down the slope, to the low lying areas where it 
is left predominantly with the suspended materials which get settled under the influence 
of gra\ity and form a lensoid body of sand which is further overlain by the still finer 
elastics i.e. clay. Thus, there occur enclaves of sand bodies intercalated within the 
underlying and overlying thick clay beds. Such bodies of sand form the low potential 
aquifers. These aquifers are typical representatives of back swamp environment or 
oxbow lake environment. Thereafter the rixQr changes its course under tectonic control 
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through convulsion or some other factor Uke earthquake etc. Thus with the passage of 
time, the position of channel, flood plain, and back swamp deposits also continue 
changing. That is why we do not get continuous body of sand or clay except under 
certain e.xtraordinary situation in a single drill hole. 
Groundwater plays vital role in determining transmitting and water bearing 
capacity of geological formations. The existing hydrogeological information, based on 
the work of Central Groundwater Board, Groundwater Department, U.P., was 
completed and analysed. To fill in the information gap and to have a control on 
hydrologic system, entire study area was then covered through reconnaissance 
traverses. 
In order to study the hydrogeological condition including groundwater 
movement and changes in water level in response to rainfall, evaporation, groundwater 
use and other local factors, systematic well investigations of 82 observation wells 
(Fig.4.4 ) were carried out. The pre and post monsoon water levels were measured in 
the observation wells during 2006 and 2007. 
4.5 SUB-SURFACE GEOLOGICAL CONFIGURATION AND AQUIFER 
DISPOSITION 
To understand the sub-surface configuration of aquifer system and nature of 
sediments, hydrogeological cross sectionsalong line A-A',B-B',C-C',D-D',E-E'( Fig 
4.5 to 4.9) and a fence diagram (Fig. 4.10) has been prepared by ufilizing lithological 
logs of the existing tubewells drilled by state Tubewells Department in the area 
(Appendix 4.1). Fence diagram technique is adopted for the study area to analyses the 
h\'drogeomorphological condition in its vertical and lateral horizons simultaneously, 
aquicludes and aquitardsin the study areadown the depth of 92.0 metre b.g.l. 
78* 
28!_ 
0 
27-
30 
78'' 
0 78-IS 7 8 - » 78-
M^N 
DISTRICT BULANDSHAHR 
w 
1 ) " A / ATRAULI ) 7 - ^ X 5 4 ^ . 1 
58 • 12 \ \ 6 V ^ f~~*——~^l .. 
ALIGARH ^ ) | V ° , / ^% <i AeV ^^  S 
•52 ' 5 U 5 5 . \ ; 42 31 / ' ^ O X ^ ^ 74 
- A 
B' 
^--^ r ^ / r i 4 9 / • ^ ^ - - v ^ . - ^ °«38 
° ^ '\56\ > 7 % ^ 50.) 
\ \ . ' \26.V ,, / \^^^-^^ 
' \ . ' ^ T ^ \ / \SIKANDRARAO -^~<L C' 
HATHRAS \ - - < 72* ; ^ V . \ 
. '59 Y a z ^ - ^ ^ D ' \ 
60 0 . / r r • • DISTRICT ETAH 
• - / ^ 7 \ 4 1 • 68 
^ - \ ? 3 9 \ 
SADABAD \ 
\ - ^ ^ 
•-: V • y 
r^X EIL5 
r^ • \ \ ^H 
DISTRICT AGRA . . ^ , 1 '"''"'''^  sn 
District Boundry 
Tehsil Boundiy 
Block Boundry 
Rivef 
0 78''15 78''30' 78"' 
45 
28' 
0 
45 
Fig:4.4, Map Showing Observation Well in Study Area 
DEPTH IN METERS 
< o 
I • • • • • . • 
^ 
• <_, 
< • • . • 
• < 
-<—r V 
< < 
••L 
i I i i 
< . 
/ • . 
.5? 
03 
o 1 
• • 
• • 
< 
< 
<3 
11 63 62 B 
10H 
20H 
30H 
40- • A -
50H 
60H 
CO 7 0 -
m 
80H 
90-
CL 
LU 
Q 
• • 4 
A 
" , , , ^ A A ^ ^ 
A A A ^ A 
. 1 — — . . A A ^ 
• • • • . • • • ' • . • • • *A' . • 
• • ' . ' . • • • ' . • • • • ' . A -
• • • . • • • • • . • • • • . ' A - • • 
A - " A 
A • > • ^. . A -A. A ' 
A . - A . A A- • • . -A- • • A -
• • A 
A . A . A A ' 
A - ^ ^ - . • - . A -
"A "^^  ^ • 
A ~ ' A A 
A ^ 
-A 
A - — _ A 
A A 
100H 
110-f 
120H 
130-f 
140-f 
150-1 
- A 
A 
A 
A 
A 
, A • • • ". 
. • -A '.A. 
A • ". '. 
• A •, '. '• 
' A . . ". • 
'. -A". '. 
A . • . . • 
• A - ' . •. '. 
' . A •• • • 
A A A 
A 
A 
A 
A 
A A 
A " ' 
i ^ ' 
• ' • • * • * . ' • ' 
A ^ A 
Clay 
Fine Sand 
Medium Sand 
Kankar 
0 1 2 3 KM 
1 I I I 
Fig; 4 6, Map Showing Hydrogeologicai Cross-Section Along B-B' Line 
DEPTH IN METERS 
o o 
CD 
o 
CO •"• < ^ •.<-^-< 
< 0 
••. <.".'--<r. < ; • . • . • 
'<\\. 
< ' 
<^. .<• 
<. 
< 
< 
• ••• .• .• \^ J•.•.••7 
: • . • • • ' . / • " 
• •<f.; • • 1 
:-.V 
./ 
- • • • • . • • • • • • • . . / 
• • . • . < • • • / 
<3 <3. • < 
s ^ 
o 
I 
o 
< 
cz 
o 
CO 
en 
g 
O 
1 
S 
8" 
• / 
§ 
:;' !. • • i ' > 
•1 \' 
. I I I 
-3 I 
E O 
. • • ; • • . < 
.v . • . < 
1 I ' 'I I J Ik—J I 
V. 
I ' i 
I I 
g I 
CO 
2 o 
o 
(D 
S' 
i 
a. 
oo 
r • . 
I ! 
. • • . ^ 
D E P T H IN M E T E R S 
o 
<5? 
" 5 CO 
< < . < • 
o ii: s 
"T^x 
t_-J I 
<,{ • . • • • / ' • • 
• . • . • • \ 
<l <1; , . V 
< ^ ^ • . . ^ . • • • .••" y 
< • • . 
< ^ ' ' ^ ' ' ^ ^ ' ^ 
< / • • / < < < .<• < 
^ ^/i . < / • • . . 
< ^ 
. /, < < ^ ? , 
< <j • 
<i/\'ki-V\\\\M 
< 0, 
< < 
< ^ < ^ \ 
o T^l I I T o 
CNJ 
o 
CO 
o 
•<t 
o 
LO 
o 
CD 
o 
t ^ 
o 
0 0 
o 
CJ> 
o 
CO 
CNJ 
i n 
CN 
c:5 
CN 
DEPTH IN METERS 
CLAY 
SAND 
KANKAR 
WELLS 
Fig. 4.10 Fence diagram of the area showing aquifer disposition 
81 
A perdual of fence diagram showsthat in all there occurs two to three tier aquifer 
system down to depth of 92.0m.b.g.l. The diagram is used to know the sub surface 
geology of the area. It gives a three dimensional view of the litholoical variations. A 
reliable estimate can be made of the areal extent, depth and type of aquifer. Fence 
diagram also provides an assessment physical characteristics and water yielding 
potential of the aquifer. This information can be used to correlate the utility of the 
aquifer to the water requirement for a specific design purpose. 
In northeast portion of the study area the aquifers appear to merge with each 
other and behave as a single bodied aquifer system with the maximum thickness of 
37.78 meters. Comprising fine to medium to coarse sand occasionally mixed with 
kankar. It appears to be the channel deposits of the hydrodynamics of river. It is also 
confirmed by the section A-A'and B-B', which shows that the clay beds occur simply 
as a lensoid body. The depth of shallow aquifer ranges between 2.9m.b.g.l. to 22.2 
m.b.g.l.. The minimum depth of shallow aquifer is 2.9 to 8.0 m.b.g.l. in north part of 
study area, while maximum depth of shallow aquifer is 22 2 m.b.g.l. at Mohanpura in 
the eastern part of the study area. The shallow aquifers are under the water table 
condition while the deeper aquifers have been identified as leaky confined in character. 
The deeper aquifer behaves as a single bodied aquifer. The shallow and deeper aquifers 
are separated with clay beds intermixed with silt and kankar with serves as aquitard. 
From east to west side the clay beds gradually start attaining thickness and occur in 
repeated alternation with the granular zones. The percentage of granular zone is around 
40 to 50% and it appears to be the flood plain deposit. It is also revealed by 
h)'drogeological sections which alternate sand and clay beds where the clayey horizon 
gradually pinch out. Similar position is observed in the central part of area too. The 
most peculiar subsurface hydrogeological set up is found in the study area where the 
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clay predominates over the sand. The granular zone here comprises 30 to 40% of total 
lithounits. These appear most probably as back swamp deposits which also possess the 
quality problem. 
4,6 DEPTH TO WATER LEVEL 
In an unconfmed aquifer, the water level is the upper surface of the zone of 
saturation where the pressure is atmospheric. It is defined by the level at which water 
stands in wells penetrating the aquifer, just enough to hold standing water. However, in 
general the water standing in dugwells are considered accurate enough to represent 
water level of an area. The depth of water level map depicts the regional variations of 
the water level with respect to land surface all over the area. 
Based on the data collected from the field observation of static water levels in 
the shallow well during June and November, 2006 (appendix 4.2) June and November, 
2007 (Appendix 4.3) depth to water level maps Pre-monsoon and post monsoon periods 
have been prepared Fig(4.11 to 4.14). 
4.6.1 Depth to water level (Pre-monsoon 2006, 2007): 
In pre-monsoon (2006, June) the depth of water ranges 3.7 to 21.3 meters below 
ground level. While June2007 it ranges between 3.5 to22.2 meters below the ground 
level (b.g.l.). The area has been divided in to 10 depth to water level zones varying 
from 1) up to 4 (2) 4-6 (3) 6-8 (4) 8-10 (5) 10-12 (6) 12-14 (7) 14-16 (8) 16-18 (9) 18-
20 (10) more than 20 meters below the ground level. 
Table: 4.2 Depth to water level (June 2006, 2007) 
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Year 
2006 
2007 
No.of 
Wells 
82 
82 
<4 
1 
1 
4-6 
-> 
J 
5 
6-8 
6 
10 
8-10 
16 
13 
10-
12 
12 
12 
12-
14 
11 
11 
14-
16 
14 
14 
16-
18 
13 
15 
18-
20 
5 
0 
>20 
1 
1 
The deeper levels viz 21.6 and 22.2 m.b.g.l. were recorded at Mohanpura 
village in June 2006 and 2007,respectively while shallowest water level viz 3.land 3.5 
m.b.g.l. were recorded at Jawan town adjacent to the Upper Ganga Canal in the 2006 
and 2007, respectively. 
A perusal of maps shows the depth of water level is increasing towards eastern 
upland along the Kali River where it ranges 8.4 tol8.2 m.b.g.l.at Sikandra Rao and 
western part of the study area depth to water level ranges 5.9 to 16.4 m.b.g.l. 
In the vicinity of upper ganga canal, the depth to water level is generally 
shallow which ranges less than 4 to 16.3 m.b.g.l. Two patches have been demarcated 
water logged area around Jawan, Ukhlana, Barauli Harduaganj where water level 
ranges between to 3 to 6m.b.g.l. which is the resultant effect of the quantum of seepage 
that has been taking place ever since the commissioning of upper ganga canal. The 
excessive seepage is taking place through the unlined canal beds and consequently the 
general water level in the area proximal to the canal has progressively been rising. 
4.6.2 Post Monsoon depth to water level: 
Figures 4.13 and 4.14 shows the depth to water level of post monsoon 
(November.2006 and 2007). 
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A perusal of figure shows that during November 2006 and 2007, the shallowest 
water level is recorded at Jawan i.e. 3.7 and 2.9 m.b,g.l. while deepest level i.e.21.6 and 
20.1 m.b.g.l.were observed at Mohanpur village at eastern side of study area. 
Table: 4.3 Depth to water level (November 2006, 2007) 
Year 
2006 
2007 
No.of 
Wells 
82 
82 
<4 
1 
1 
4-6 
4 
4 
6-8 
15 
11 
8-10 
13 
12 
10-
12 
9 
15 
12-
14 
15 
13 
14-
16 
13 
15 
16-
18 
11 
10 
18-
20 
0 
0 
>20 
1 
1 
Shallow water level leading to swampy condition during and after monsoon 
season is characteristics features along upper ganga canal command areas, shallow 
water zone lie along upper ganga canal with ranging less than 4 to 8 m.b.g.l. the post 
monsoon depth to water level map of2007 does not show any significant difference. 
This is caused due to the deficient rainfall. 
In general depth to water zones described are found in conformity with the 
general physiographic unit. 
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4.7 WATER LEVEL FLUCTUATION 
The groundwater level fluctuation is a function of time and space in response to 
precipitation. The changes in water levels are due to the change storage of groundwater 
in the study area. It caused also due to withdrawl of water from aquifer than quantum of 
average rainfall recharge. 
The water level fluctuation maps (fig 4.15, 4.16) have been prepared for the 
period of 2006 and 2007 by way of contour of water level difference in pre-monsoon 
and post-monsoon water level shows seasonal pattern of fluctuation such as rainfall and 
irrigational pumping that follow well defined seasonal cycles (Todd, 1980). A perusal 
interval of 0.40 m, the area is divisible into 0-0.40 (2)0.40-0.80, (3) 0.80-1.20, (4) 1.20-
1.60 and (5) 1.60-2.0 meters water level fluctuating zones. 
Table 4.4 Showing range of Fluctuation in percent 
No. of 
Period Wells 0-0.4 0.4-0.8 0.8-1.2 1.2-1.6 >2.0 
Fluctuation 2006 82 3 34 23 18 4 
3.66% 41.46% 28.04% 21.95% 4.87% 
fluctuation 82 4 56 11 2 2 
2007 4.87% 68.29% 13.41% 2.43% 2.43% 
Table 4.3 showing that the major part of the area the fluctuation ranges between 
0.4 to 0.8 meter and is followed by the zone showing fluctuation in the range of 0.8 
to 1.2 meter in 2006 and 2007. The difference in fluctuation of 2006 and 2007 shows 
that the recharge of groundwater was less in 2007. The variation of fluctuation in the 
low lying areas close to 
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the feeder canal (Upper Ganga Canal) is probably due the constant recharge of the top 
layer of aquifer through vertical seepage leading to the rise of water table above the 
ground level. It is very interesting to note that this water above the ground surface be 
reall)' called surface water or groundwater above the ground level. The literature is full 
with the defined difference between the two as the water above the zone of aeration is 
surface water and that below it is the groundwater. 
High fluctuation areas are recharge areas and less fluctuation areas are the discharge 
areas as the same is apparent from the above discussion. 
4.8 GROUNDWATER MOVEMENT 
Groundwater is invariably moving, this movement is governing by established 
hydraulic principles (Todd, 1959). Groundwater is moves in direction of slope of water 
table in turn depends upon many factors such as permeability and thickness of water 
bearing zone, the topography, lithology and local variations in the quantity of recharge 
and discharge (Hubbert and toth, 1962). 
4.8.1 Water Table Contour Maps: 
Water level data of wells collecting during pre-monsoon and post-monsoon (2006-
2007) have been analyzed and altitude of water level with reference to mean sea level 
have work out. For this purpose, all the observations well were connected with survey 
of India bench marks, wherever available. The water tables contour maps have been 
prepared with contours interval of two to four meters (Fig 4.17,4.18,4.19 and 4.20). 
The water table contour maps are very useful in deciphering the groundwater 
flow direction, hydraulic gradient and area of recharge and discharge. Convex contours 
indicate area of recharge, while concave contours show tract of groundwater discharge 
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(Todd, 1980) further, the divergence of flow Hnes indicate a recharge area whereas 
convergence of flow Hnes depicts the discharge area (Fetter, 1980). 
4.8.2 Forms and slope of water Tables: 
A perusal of pre-monsoon water table contour maps (2006, 2007 Fig 4.17 and 
4.18) shows the elevation of water table ranges between 178 in the north west to 169 in 
the south east above the mean sea level. The general groundwater flow in consonance 
with the regional groundwater flow in the central ganga basin from NW- SE direction. 
However, at some places there are variations which are caused due to local factors. 
In eastern flank the groundwater flows towards Kali River which shows effluent 
in nature. The river Sengar receives groundwater runoff all along its northern stretch 
and along its southern most stretch thereby behaves as an effluent in nature. However, 
the river Kali and Sengar recharges aquifers at some places and behave as a influent 
stream as is evident from the trough which are form around Sikandra Rao, Raipur, 
Dandesari, Gopi between upper ganga canal and Kali Nadi. These trough resultant 
effect of over development and heavy with drawl of groundwater through the huge 
numbers of tube-wells as there are no canal so the aquifer commensurate to the water 
with drawl. 
There are several mounds appears to have formed along upper ganga canal 
which is caused due to the rampant seepage of water in to shallow aquifers through 
unlined canal beds. Similarly mounds developed along Kali River. 
The hydraulic gradient in the study area varies from 0.50m/km in general to 
2.5m/km ail along upper ganga canal and north western end of area. The steep 
hydraulic gradient is indicative of low permeability horizons (Todd, 1980). 
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4.8.3 Post Monsoon Water Table Contours: 
Maps (figs 4.19 and 4.20) show the post monsoon water table contours for the 
period Nov, 2006 and 2007. The post monsoon water table contours values 
approximate same because of low fluctuation in most of the places only one place, 
Mohanpura has 1.9 meter. 
4.9 HYDROGRAPHS 
In order to study the groundwater behaviour with respect to time and space, and 
their dependence on natural phenomenon, the water levels of key observation wells 
were used to prepare the hydrographs of the well with respect to rainfall for the period 
of 1983 to 1993 (Fig. 4.21a to 4.21c). A perusal of the hydrographs indicates that water 
level variation is cyclic and sinusoidal as a function of time and space. It is observed 
that water level starts rising by the last week of June and attains shallowest level in 
November. From November and December there is slow decline in water level but 
from January onwards the decline is very sharp. 
In the view of above discussion, it is inferred that the rising and declining trends 
of the water level with respect to time and space are attributed to input of groundwater 
namely rainfall and the seepage from canal. 
Further, a critical study of the long range trend of water levels with respect to 
rainfall indicates the response of water levels to rainfall and drought is reasonably 
quick and prominent. The ascent of level is also greatly affected by the intensity and 
distribution of rainfall. 
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4.10 GRAIN SIZE ANALYSIS OF THE AQUIFER MATERIALS 
The economic development and the utilization of groundwater resources require 
an understanding the factors that govern the hydraulic transmission of the groundwater 
through an aquifer. One of the important quantitative measures of such transmission is 
the permeability, which depends both upon the physical properties of flowing water and 
the characteristics of the transmitting medium. In many natural occurrences the 
physical properties of flowing water, i.e. viscosity and specific weight are practically 
constant so the permeability may be considered to be a function of the properties of 
medium alone (Masch, 1966). Such medium properties include the particle size, shape, 
structure, degree of compaction and grain size distribution. 
The most common method of measuring particle size is sieving. The process of 
analyzing sediments for the range sizes is called mechanical analysis. The purpose of 
mechanical analysis is to obtain graphic or numerical data about particle size in 
sediment. Size analysis has been used in determining if sand will contain water. 
Many earlier workers attempted to relate properties of aquifer materials to the 
transmitting capabilities of an aquifer. Krumbien and Monk (1952) studied the effect of 
both particle size and sorting in artificially mixed sand and expressed their results in 
following semi empirical equation. 
K = 760 d^  e-' ^^  a 
Where K is permeability in Darcy's 
d = geometric mean diameter 
e = dimensionless constant 2.0718 
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a = the log standard deviation of size distribution which is dimensionless and 
760 is a constant for the conversion of permeability units to Darcy. 
A correlation between the laboratory permeability values and median grain size 
was developed by Bedinger (1961). He found that straight line relation existed between 
the logarithm of the permeability and the median grain size diameter. The results of this 
work revealed that the permeability expressed in gal/ft /day ranged from 9000 for very 
coarse sands to about 10 for very fine sands. Johnson (1963) has done experimental 
work similar to Bedinger (1961). Kozney (1953) has studied the relationship between 
permeability and the pore size distribution which is governed at least partially by the 
grain size distribution. Preuss and Todd (1963) attempted to relate the specific yield to 
several physical properties of sedimentary samples including representative grain size 
diameter and a uniformity coefficient they found that djo or median size was best 
studied as a measure of representative grain diameter. The uniformity coefficient used 
to describe the sample was defined as follows. 
U = dgo/dio 
The results indicate maximum value of specific yield occurred for dso between 
0.4 to 0.5 mm and the specific yield decreased for the values of dso outside this range. 
They also concluded that in general specific yield decrease as the magnitude of 
uniformity coefficient increases. Cohen (1963) found the same results as those of 
Preuss and Todd. Masch (1966) concluded that the permeability value increases with 
increasing value of the M.d5o diameter. 
Uma et al. (1989) has given a new statistical grain size method for evaluating 
the hydraulic conductivity of sandy aquifers as follows: 
K = Adio2 
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where, 
K = Hydrauic conductivity 
A = Constant 
dio = Effective grain size 
Where the value of established as 6 for sandy aquifer. 
In the present investigation, aquifer materials were collected from the available 
drilling sites and sand samples have also been collected from the Kali and Sengar river 
beds through trenching and two samples were collected at the 30 cm and 100 cm depth 
trench. These samples were mechanically analyzed. 
The equipment required for sieve analysis includes a small hot plate for drying 
the sample, a set of standard testing sieves and accurate physical balance for weighing 
the aquifer materials. A representative sample 150-400 gms was taken in laboratory by 
coning and quartering. Oven dried and exact weight poured into the top sieve and 
covered with lid. The whole nest was shaken through shaker for about 15 minutes and 
material retained in each sieve was accurately weighed and data obtained were 
statistically analyzed (Appendices - V, VI-A & Vl-B). Percentage of material passing 
through each sieve gave a point on grading curve. The grading curve (Fig. 4.16a & 
4.17a&b) was plotted on a semi-log paper to determine the following parameters. 
4.10.1 Effective size: 
The term effective size was developed by Allen Hazen (1892) in his studies of 
filter sands. He defined it as a particle size where 10% of sand is finer and 90% coarser. 
It is believed that d|o is the most important parameter among those governing the 
permeability properties of a medium (Marsily, 1986). 
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4.10.2 Uniformity Coefficient (Cu): 
Cu is average slope of the grading curve between 10% and 60% size and is 
given by 
It gives an idea of grading of particle size distribution in material. Lower values 
(Cu<2) indicate more uniform material or poor grading and higher values indicate well 
graded material (Raghunath, 1987). 
4.10.3 Hydraulic Conductivity (K): 
Hydraulic conductivity was determined by using formula given by Uma et al. 
(1989). 
K = Adio2 
Where A = 6 
dio2 = effective grain size 
The results of grain size analyses show that the effective grain size of aquifer 
materia! ranges between 0.07 to 0.160 mm which shows that the sand size ranges 
between medium to fine. The effective grain size of the Kali river sediment ranges 
between 0.092 to 0.128 mm, while the effective size of Sengar sediments ranges 
between 0.078 to 0.106 mm, which reveals that the Sengar sediments are finer than the 
Kali River sand. 
Uniformity coefficient of the aquifer material is given in (Table 4.4). 
I l l 
Table 4,5: Shows the values of effective size, uniformity coefficient and 
hydraulic conductivity (K) (Statistical grain size method) 
Location 
Jawan 
Atrauli 
Near Aligarh 
Sikandra Rau 
Jalesar 
Effective 
grain size 
(d.o) 
0.070 
0.072 
0.120 
0.179 
0.13 
Uniformity 
coefficient 
(Cu) 
1.94 
1.85 
1.70 
4.46 
1.57 
Hydraulic conductivity (K) 
Cms" 
0.029 
0.031 
0.086 
0.153 
0.101 
m/day 
25.40 
26.68 
74.30 
132.71 
87.60 
A perusal of the above table shows that uniformity coefficient ranges between 
1.57 to 4.46, which reveals the value of Cu<2 except at Sikandra Rau, where the value 
is 4.46, hence the porosity of the samples is high and they are uniform but at Sikandra 
Rau, the sand is well graded and non-uniform. The uniformity coefficient of the Kali 
River sediment (Table 4.5.) ranged betweenl.32 to 1.57. It is also shows lower values 
for Cu i.e. <2, which indicates that the Kali River sediment is poorly graded and their 
porosity is high. The samples from Sengar River show higher values of Cu than the 
Kali River sediments which range betweenl.49 to 2.31 and indicate that the porosity of 
Sengar sediments is lower than the Kali River sediments. The hydraulic conductivity in 
general ranges between 25.40 to 132.71 m/day of aquifer material. The hydraulic 
conductivity of the Kali sediments ranges between 43.87 to 84.93 m/day and that of the 
Sengar sediments varies between 25.40 to 58.24 m/day. 
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Table 4.6: Shows the values of effective size, uniforniit>' coefficient and hydraulic 
conductivity of the Kali and Sengar river sediments. 
Location 
Kali 
River-1 
Kali 
River-2 
Sengar 
River-1 
Sengar 
River-2 
Depth (cm) 
30 
100 
30 
100 
30 
100 
30 
100 
Effective 
grain size 
(dio) 
0.11 
0.098 
0.128 
0.092 
0.090 
0.106 
0.078 
0.070 
Uniformity 
coefficient 
(Cu) 
1.38 
1.47 
1.32 
1.57 
1.50 
1.49 
1.78 
2.31 
Hydraulic conductivity 
(K) 
Cms' 
0.072 
0.057 
0.098 
0.50 
0.048 
0.067 
0.360 
0.029 
m/day 
62.20 
49,24 
84.93 
43.87 
42.99 
58.24 
31.53 
25.40 
4.11 ISO-PERMEABILITY MAP 
Logan (1964) opined that if a well is pumped for such a long time that the flow 
is in steady state, then an approximate estimation of the order of magnitude of the 
transmissivity can be made using the Theims formula for a confined aquifer which can 
be written as: 
T = 
2.3 Q log (r max/rw) 
2:171 ms 
Where, rw = r a d i u s o f pumped well in meters 
fmax ~ radius of influence in meters 
Snuv ^ m a x i m u m drawdown in pumped well in meters 
Logan further stated that the accuracy of the calculat ion depends only on the 
accurac}- of measurement of Smw (on which well losses may have substantial influence) 
and on the accuracy of the ratio VmnJhv As rmax/rw cannot be accurately determined 
general!}'. Logan reasoned that although the variation in rmax and r^, may be substantial, 
the \ar ia t ion in the logarithm of their ratio is much smaller. Hence , assuming average 
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conditions of ratio, he gave a value of 3.33 for log ratio which may be taken rough 
approximation. Substituting the value in equation (1), the Logan's formula can be 
written as: 
mw 
Where, Sniw is the maximum drawdown in a pumped well. According to Krusemann and 
Derider (1970) Logan's formula in above form gives erroneous results of the order of 
50% or more. 
However, based on Logan's formula, an iso-permeability map of the area was 
prepared (Fig. 4.24). For the purpose, specific capacity and drawdown data of various 
tubewells were collected and utilized for the determination of transmissivity and 
permeability by Logan's formula (Appendix 4.7). 
A perusal of the iso-permeability map of the area shows that there are four iso-
permeability zones viz. (1) less than 25 (2) 25-30 30-45 and (4) more than 35 m/day. 
The permeability ranges between 25 to 30 m/day in the area lying close to the 
Kali River, and at some portion of Sengar River it gradually increases towards the 
upper ganga canal where it ranges between 30-35 m/day with some local variations at 
places. In between the Sengar River and upper ganga canal the permeability ranges 
between 25 to 30 and 30 to 35 m/day in most of the area. But along the upper Ganga 
canal the permeability values recorded are more than 35 m/day towards SE direction it 
ranges less than 25 m/day. The low values of permeability may possibly be due to the 
subtle \ariation in the grain size; sorting characteristics, and grain packing presenting 
microscopic in homogeneities that control porosity and permeability, and thus fluid 
flow characteristics. 
DISTRICT BULANDSHAHAR 
^ 
25 to 30 
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Fig. 4.24 Iso- Permeability map of study area 
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Because of paucity of pumping test data analysis the values of T and K determined by 
Logan's formula could not be compared with the pumping test data except for two 
places only. 
In Sikandra Rau, the value of K obtained by Logan's formula is in close 
agreement with the values of K determined through pumping test data analysis. But at 
Jawan the difference in the value is about 50%. Thus the values obtained by Logan's 
method give only approximate picture. 
4.12 SPECIFIC CAPACITY INDEX MAP 
The specific capacity, being an index of well productivity, serves also as a 
parameter of yielding and transmissive capacity of an aquifer (Karanth, 1987). The 
yielding capacity is denoted by a yield factor (or specific capacity of the well for the 
unit thickness of the aquifer 
Specific capacity index or yield factor = —^ 
Thickness of the aquifer 
Based on the above formula the specific capacity index was determined from 
the available data of tube-wells of the area, and the specific capacity index map was 
prepared (Appendix 4.7 & Fig. 4.25). A perusal of the map shows that there are 
following yield factor zones. (1) <20 (20) 20-25 (3) 25-30 (4) 30 m/day. The yield 
factor ranges between 20 to 25 m/day towards Kali River. The area surrounding the 
Aligarh and Sikandra Rau town shows high value of specific capacity index or yield 
factor which ranges between 25-30 and more than 30 m/day. In the South-east portion 
near upper ganga canal the value of specific capacity index is more than 30 m/day, in 
south portion of Sengar River, Jalesar and Barauli town has <20 m/day However, the 
average xalue of the specific capacity for the entire sub-basin is recorded as 24 m/day. 
f ^ 
DISTRICT BULANDSHAHAR 
Fig. 4.25 Specific capacity index map of study area 
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EVALUATION OF AQUIFER PARAMETERS THROUGH 
PUMPING TEST AND DATA ANALYSIS 
5.1 Description of method 
5.1.1 Theis method of solution 
5.1.2 Cooper-Jacob Method of Solution 
5.1.3 Recovery Test 
5.2 Aquifer Performance Test 
5.3 Summary of Observation 
5.4 Site name (Atrauli) 
a) Analysis of Data 
i) Draw down data 
ii) Recovery data 
5.5 Site name (Near Jawan) 
a) Analysis of Data 
i) Draw down data 
ii) Recovery data 
5.6 Site name (Near Sikandra Rau) 
a) Analysis of Data 
i) Draw down data 
ii) Recovery data 
Figure 
5.1 Time since Pumping Began t (min) Near Atrauli Site 
5.2 Time Ratio t/t' Near Atrauli Site 
5.3 Time Vs Drawdown curve (Theis Method) Near Jawan Observation well I 
5.4 Time Vs Drawdown curve (Theis Method) Near Jawan Observation well II 
5.5 Time Vs Drawdown curve (Jacob Method) Near Jawan Observation well I 
5.6 Time Vs Drawdown curve (Jacob Method) Near Jawan Observation well II 
5.7 Time Vs Drawdown curve (Theis Method) Near Sikandra Rau Observation 
well I 
5.8 Time Vs Drawdown curve (Jacobs Method) Near Sikandra Rau Observation 
well II 
5.9 Plot of Residual Drawdown Vs t/t' (Recovery Method) Observation Well (I) 
near Sikandra Rau 
5.10 Plot of Residual Drawdown Vs t/t' (Recovery Method) Observation Well (II) 
near Sikandra Rau 
CHAPTER -V 
EVALUATION OF AQUIFER PARAMETERS THROUGH 
PUMPING TEST AND DATA ANALYSIS 
Aquifer parameters viz. transmissivity T and storage coefficient are necessary to 
conceptualize groundwater flow regime and assessment of its potential in an area. 
These parameters are generally arrived through pumping test on bore hole with an 
observation well Singh and Thang region (1998). A pumping test in one of the most 
useful mean of determining hydraulic properties of water bearing layers and containing 
beds. It may yield reliable results which, in general, are representative of a larger area 
than are single point observations (Krusman and de Ridder, 1970). 
With an growing needs of water, water resources are being expected in a big 
way, hence evaluation of aquifer parameters through pumping test has become 
imperative. This is turn regains a reliable estimation of hydrogeological parameters 
pumping test of a well may give a representative estimate of aquifer parameters valid 
over a large area (Thangrajan and Singh 1998). 
A pumping test may serve two main objectives: 
Firstly, a pumping test may be performed in order to determine the hydraulic 
characteristics of aquifers or water bearing layers. Such a test is often called an "aquifer 
test" because it is aquifer rather than the pump or well, which is tested. 
Secondly, a pumping test may provide information about the yield and 
drawdown of the well. These data can be used for determining the specific capacity or 
discharge drawdown ratio of the well, for selecting the type of pump, and for estimating 
the cost of pumping. The specific capacity gives a measure of effectiveness or 
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productive capacity of the well, such a pumping test is sometimes called a 'well test' 
because it is the well, rather than the aquifer, which is tested. 
The analysis of pumping test data involves transformation of field data into 
calculated value of hydraulic properties of the tested aquifer. On completion of the 
pumping test, all the collected data on well discharge, drawdown, a recovery in the 
various observation well and the pumped well with time, pre test water level, trend etc. 
are processed. 
5.1 DESCRIPTION OF METHODS 
The non-equilibrium formula introduced by Theis (1935) is widely used for 
analysis the pumping test data and for determination of the hydraulic properties of an 
aquifer. 
5.1.1 Theis Method of Solution: 
Theis studied the transient come of depression around discharging well and 
developed a mathematical method to determine the transmissivity and storativity from 
the rate of drawdown (Clebsch, 1994). This methodology allowed the determination of 
in situ hydraulic properties of aquifers and the prediction of response, such as 
drawdown with time and distance, of groundwater system of pumping (Back and 
Human, 1997). 
The equation which Theis developed specifically for confined aquifer has the 
following form. 
n „ A„ 
...(1) s = 
s = 
Q 
47t7l 
. Q 
r^ -' 
W(u) 
d^  
4 
or S  - ^ W ( u ) ...(2) 
47171 
120 
where 
or 
4 -
S = 
r^ S 
47171 
4Ttu 
...(3) 
where 
r - distance in meters of an observation well from thSe pumped well. 
S - drawdown in meters in an observation well located at a distance r from the 
pumped well 
Q - Constant well discharge in m /day 
S - Storativity 
T - Transmissivity in m /^day 
t - the time since pumping started 
W(u)- well function of u 
W(u)- [-05722-lnu + 4-r/2.21+u^/3.31-4^/4.4 I t ] ...(4) 
for the use of Theis method following assumption and limiting condition 
should be satisfied 
(1) Aquifer is homogenous, isotropic, of uniform thicknes and infinite areal 
extent. 
(2) Before pumping, the piezometric surface is horizontal. 
(3) The well is pumped at constant the entire aquifers and flow is ever where 
horizontal within the aquifer to the well. 
(4) The pump well penetrates the entire aquifers and flow is ever where 
horizontal within the aquifer to the well. 
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(5) The well diameter is infinitesimal to that storage within the well can be 
neglected. 
(6) Water removed from the storage is discharge instantaneously with decline of 
head. 
5.1.2 Cooper-Jacob Method of Solution: 
It was noted by Cooper and Jacob (1946) that for small values of r and large 
values oft, u is small so that the equation 
S = — ^ W(u) can be simplified and expressed 
47171 
^ 2.30Q, 2.25T ... 
as S = — — ^ l o g ^ ^ ^ ...(5) 
47171 r S 
Thus a plot of drawdown 's' verses logarithmic of time t forms a straight line 
equation which can further be solved to given 
S = i^^Ii^ ...(6) 
and T = ^ ...(7) 
47C7tA 
where to - time in days corresponding to interception of straight line with axis, 
where S = 0 
As - slope of straight line in meters or difference of drawdown over one 
log cycle. 
5.1.3 Recovery Test: 
At the end of the pumping, when the pump is stopped, the water levels in 
pumping and observation wells will began to rise. This is referred to as the recovery of 
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groundwater lives, while measurements of drawdown below the original static water 
level (prior to pumping) during the recovery period are known as residual drawdown 
(Appendix). 
It is a good practice to measure residual drawdown because analysis of the data 
enable transmissivity to be calculated, thereby providing an independent check on 
pumping test results. 
If a well is pumped for a known period of time and then shut down, the 
drawdown thereafter will be identically the same as if the discharge had been continued 
and a hypothetical recharge well with the same flow were superposed on the 
discharging well at the instant the discharge is shutdown. From this principle. Theis 
showed that the residual drawdowns' can be given as: 
S' = -^[W(u)-W(u')] ...(8) 
mil 
where 
u = J : ! ^ a n d u ' = - ^ ...(9) 
47171 4T't' 
For small r and large t the well function can be approximated by the first two 
term of eqn. 4 so that eqn. 8 can be written as: 
S' = ^ ^ ^ l o g t / t ' ...(10) 
47t7t 
Thus a plot of residual drawdown s' versus the logarithm of t/t' forms a straight 
2 300 line. The slope of the line equals — so that for As' the residual drawdown per log 
47171 
cycle of t/t" the transmissivity becomes: 
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^ 2.30Q 
T = - ^ ...(11) 
47171 
No comparable value of s can be determined by the recovery test method. 
5.2 AQUIFER PERFORMANCE TEST 
In order to determine the aquifer characteristics an aquifer performance test was 
conducted on state tube well No. 8, Atrauli Block. The tube well was pumped at a 
constant discharge from a fixed time. After the tube well had been pumped sufficiently 
long, when the rate of decline of water level became feeble, the pump was shut off. 
During the period of pumping water level measurement in the tube wells were taken at 
regular intervals. Again when pump was shut off recovery reading of water levels was 
initially taken at one minute intervals and subsequently at longer intervals. Exact time 
when the pump was started and stopped was precisely recorded. Discharge of the tube 
well was measured over 90° V notch (Appendix 5.1 to 5.5). 
The data of test were analyzed and various aquifer parameters were determined 
which are tabulated below: 
5.3 SUMMARY OF OBSERVATION 
5.4 NAME OF THE SITE : ATRAULI 
1. Name of the site : Atrauli 
2. Discharge maintained : 3544.7616 mVday 
Duration of pumping : 120 minutes 
(a) Analysis of data: 
(i) Cooper Jacob method (Fig 5.1) the transmissivity comes in order to 810.989 
nr/day. 
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(li). Theis recovery method (Fig 5.2.) the value of transmissivity comes in order to 
810.989 mVday and the liydraulic conductivity is 28.922 m/day. 
Pump test data on state tube wells: 
State water level 7.22 m constant discharge 2461.641 pm pump started 0740 hrs 
pump stopped 1100 hrs 
AS = 0.8 m Q = 3544.7616 mVday 
T - 2.30Q 
47l7tA 
2.30x3544.7616 
4x3.16x0.8 
= 810.989 mVday 
K = T/b - 810.989/28.04 = 28.922 m/day 
5.5 SUMMARY OF OBSERVATION 
5.5 NAME OF THE SITE : NearJawan 
Name of Site: Near Jawan 
Discharge maintained 
During the test: 328 m V day 
Duration of pumping 1220 minutes 
(a) Analysis of the data: 
The time drawdown field data curves of observation well were prepared for Theis's 
methods and for Jacob method. The time drawdown field data curves resemble the 
typical time-drawdown curve of a confine aquifer. 
Observation well 
I 
11 
Method 
Theis 
Jacob 
Theis 
Jacob 
T m^/ day 
544.05 
522.29 
522.29 
523.88 
S 
2.46x10"' 
3.67x10-' 
1.13X 10-^  
1.36X 10"' 
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As the field data curve of observation wells match well with Theis type curve, the 
hydraulic parameters of the aquifer determined by theis method have taken alone as a 
best approximated parameters. 
(a) Transmissivity 
(b) Storativity 
522.29 m 7 day 
1.13 X 10 -3 
(c) Hydraulic conductivity 37.31ni/day 
5.6 SUMMARY OF OBSERVATION 
Name 
Discharge 
Near Sikandra Rao 
0.368 m 7 sec 
Duration of Pumping 1465 minutes 
(a) Analysis of the data: 
The aquifer performance tests have been conducted near Sikandra Rao with observation 
wells and their field data curves have been prepared for Theis's method and for Jacob's 
method. 
Methods 
Theis Method 
Jacob's Method 
Recovery Method 
Well Data 
Observation well 
Observation well 
Main well 
Observation well 
/day 
506.29 
520.92 
498.66 
486.20 
S 
1.19 X 10-^  
1.50 X 10"' 
-
-
The aquifer parameters are as follows: 
a) Transmissivity 503 m /day 
b) Storavity 1.34x 10'^  
c) Hydraulic conductivity 18.64 
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CHAPTER - VI 
GROUNDWATER RESOURCE DEVELOPMENT AND 
ASSESSMENT 
To meet the food and fibre requirements adequately, India has to increase its 
crop production considerably and there is a need for holding strategic planjiing to 
maintain the momentum of 'Green Revolution'. Groundwater which contributes a 
considerable part of irrigation potential created in the country is therefore of vital 
importance. Groundwater development activity has been increased considerably during 
the last two decades. This development has taken place indiscriminately without regard 
to the annual replenishment. 
To provide maximum development of groundwater resources for beneficial use 
requires thinking in terms of entire groundwater basin. By visualization a basin as a 
large natural underground reservoir, it is clear that utilization of groundwater by one 
land owner affect the water supply of other land owners. A river basin forms a closed 
system of surface and groundwater. Therefore, it is essential that various aspects of 
water in transit through a basin are quantitatively evaluated and definite 
recommendations in regard to its development are made. The uhimate goal of 
quantitative hydrologic measurements is to determine addition of water to the 
groundwater reservoir of the area under investigation from all sources (groundwater 
increment) and discharge from the groundwater body (groundwater decrement). 
In the state of Uttar Pradesh, there is a large scale water logging in all the canal 
command areas whereas in the tube well irrigated areas water levels show a declining 
trend due to over-development of the shallow aquifers (Chaturvedi, 1976). Moreover, 
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with the advent of high yielding varieties of wheat and paddy which need assured and 
timely iiTigation, has accelerated the pace of groundwater development through large 
number of shallow farmer's tube wells in rural areas. Under the circumstances, the 
situation necessitates as far as possible, the precise evaluation of groundwater resources 
of a basin or part of it. 
In the Kali-Sengar sub-basin, the area which lies adjacent to the canals is water 
logged because of the canal seepage, whereas in the rest of the area, the groundwater 
levels show a very well marked declining trends since past few decades. The declining 
water table can be attributed to the large scale groundwater development through 
clusters of shallow and deep tube wells. 
The study area thus represents extreme situation of water logging on the one 
hand and the declining trend on the other. However, the scenario necessitates the 
evaluation of total groundwater recharge and discharge in order to quantify the total 
water resources of the Kali-Sengar sub-basin in parts of Aligarh district of the Central 
Ganga plain. 
Quantification of water resources of any basin involves the application of 
principle of conservation of mass, to account for quantitative changes occurring in 
various components of hydrologic cycle as applied to the basin. The quantitative 
changes may be expressed as water balance equation in which the inflow-outflov/ and 
changes in storage in a period of time are represented by individual components. 
The recharge and draft effecting the groundwater reservoir have been worked 
out as: 
I - 0 = ± AS 
where 
I = Inflow 
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0 = Outflow 
AS = Change in storage 
It is tlierefore, imperative to identify the various recharge and discharge, 
components of groundwater regime and their effect on its variation with time. 
6.1 GROUNDWATER RECHARGE 
Evaluation of groundwater recharge parameter form an important aspect of 
groundwater evaluation. It involves hydrometeriological and hydrological processes, 
taking place on the surface and also involves sub-surface lithological characteristics 
(Baweja & Karanth, 1980). 
Various estimations of groundwater recharge in the country have been made 
(Rao, 1965; Raghava Rao et al., 1964; Irrigation Commission, 1972 and Pathak, 
1982), while the earlier estimations were based on adhoc norms not supported by the 
filed tests. A large amount of data generated in recent years as a result of the extensive 
multi-disciplinary project studies undertaken by both the Central Groundwater Board 
(C.G.W.B.) and State Groundwater Department have made realistic appraisals rather 
easier. The major source of groundwater recharge in the area are: 
1. Recharge through rainfall 
2. Recharge through canal seepage 
3. Recharge through irrigation return flow 
There are various methods to estimate groundwater recharge, such as, water-
table fluctuation method and rainfall-recharge method adhoc norms etc. 
In view of the prevailing irrigation pattern in the area, the quantum of seepage to 
the aquifers play a very significant role. Hence, the estimation by seasonal fluctuation 
and specific yield have been adopted for the present study. 
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6.2 GROUNDWATER DRAFT 
The discharge of groundwater in the area mainly takes place through various 
groundwater structures such as dugwells, pumping sets, shallow farmer's tube wells 
and state tube wells. In the present study, only the gross annual draft from the existing 
groundwater structures is taken into account for calculating the groundwater discharge. 
The unit drafts for these groundwater structures have been estimated by the 
State Groundwater Department, Uttar Pradesh, for this area have been utilized in the 
evaluation of the groundwater draft. 
6.3 STAGE OF GROUNDWATER DEVELOPMENT 
In order to determine the stage of groundwater development in the study area, as 
per the NABARD's (National Bank for Agriculture and Rural Development) norms 
have been taken into account, which are as follows: 
State of Development Category 
Upto 65% White or safe 
65-85% Grey or semi-critical 
More than 85% Dark for critical 
The position of recharge, draft, groundwater balance and its stage of 
development has been computed block-wise in the study area nd the stage of 
groundwater development of the entire investigated kali-sengar sub-basin is assessed 
according to the norms laid down by National Bank for Agriculture and Rural 
Development (NABARD) and Groundwater Estimation Committee (1984) are as 
follows: 
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6.3.1 ANNUAL RECHARGE 
(i) Monsoon recharge (ham) 
Geographical Area x Specific yield x W.T. Fluctuation) + Gross Ktiarif 
Draft - (Monsoon Canal Seepage + Monsoon Recharge from Surface 
Water Irrigation + Monsoon Recharge from Groundwater Irrigation) x 
(Normal monsoon rainfall) + Monsoon recharge 
(Average monsoons rainfall) 
from surface irrigation + Monsoon recharge from canal seepage. 
(ii) Non-monsoon rainfall recharge (ham) 
Geographical area x Non-monsoon rainfall x Infiltration factor. 
(iii) Recharge from surface water sources 
(a) Recharge from canals: 
Total seepage (ham) = Length of canal x Average wetted parameter x 
Running days x Seepage factor. 
(b) Recharge from irrigation water return flow: 
Total yearly crop-wise return seepage (ham) = Average irrigated area 
(ha) X Average wetted depth (m) x Seepage factor % 
(c) Recharge from tanks & ponds: 
Yearly recharge (ham) = Water spread area ha x Seepage factor 
(cm/year) 
(i\) Gross annual recharge 
Monsoon recharge + Non-monsoon recharge 
(v) Net annual recoverable recharge 
85% of the Gross Annual recharge 
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6.3.2 GROUNDWATER DRAFT 
(i) Draft by dug wells 
Yearly draft (ham) = No. of wells x Unit draft/year 
(ii) Draft by shallow tube wells / pump sets 
Yearly draft (ham) = No. of tube wells x Unit draft/year (ham) 
(iii) Draft by deep tube wells 
Yearly draft (ham) = No. of deep tube wells x Unit draft/year 
(A) Gross annual draft: 
Total yearly draft (ham) = Monsoon draft + Non-monsoon draft 
(B) Net annual draft (ham) = 70% of Gross Annual Draft 
6.3.3 GROUNDWATER BALANCE 
I - 0 = ±AS 
Net annual recharge - Net annual draft 
= Groundwater balance (ham) 
6.3.4 STAGE OF GROUNDWATER DEVELOPMENT 
(i) Present stage of groundwater development (%) 
Net annual draft 
= ^ X 100 
Net annual recharge 
(ii) Stage of groundwater development at 5 years (%) 
= Present stage + 5 yearly rate (%) 
6.4 GROUNDWATER ASSESSMENT OF JAWAN BLOCK 
6.4.1 ANNUAL RECHARGE 
(i) Monsoon recharge (ham): 
1. Year of observation = 2006 & 2007 
2. Total geographical area = 32196.33 hectares 
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3. Water table fluctuation = 1.03 m 
4. Adopted specific yield = 17% 
5. IMD Normal yearly rainfall = 616.80 mm 
6. IMD Normal monsoon rainfall = 552.40 mm 
7. IMD Non-monsoon rainfall = 38.80 
8. Average monsoon rainfall = 664 mm 
9. Gross Kharif draft = 2002.50 ha.m. 
10. Infiltration factor = 25% 
Monsoon Recharge - (32196.33 x 0.17 x 1.03) + 2002.50 - (439.84 + 2285.44 + 
563.56) X 552.40/664.0 + 2285.44 + 439.84 = 6345.18 ham. 
(ii) Non-monsoon rainfall recharge = 32195.33x0.388x0.25 = 312.30 ham. 
(iii) Recharge from surface water sources: 
(a) Recharge from canals 
Applied seepage factor - 15 ham/day/10^ sq.m. of wetted area of canal 
1. Main Canal: 
Average wetted parameter = 15.27 m, Length = 1800 m. Running 
days (Monsoon = 70 days, Non-monsoon = 200 days) 
Non-monsoon seepage = 18000x15.27x200x15x10"^ = 824.58 ham 
Monsoon seepage = 18000x15.27x70x15x10"^ = 288.60 ham 
Yearly seepage = 1113.18 ham 
2. Distributaries: 
Average wetted parameter = 9.16, length = 29500 m, Running days 
(Non-monsoon = 100 days, Monsoon = 30 days) 
Non-monsoon seepage = 29500x9.16x100x15x10"^ = 405.33 ham 
Monsoon seepage = 29500x9.16x30x15x10"^ = 121.60 ham 
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Yearly seepage = 526.93 ham 
3. Minors: 
Average wetted parameter = 2.44, length = 27000 m, Rumiing days 
(Non-monsoon = 100 days, Monsoon = 30 days) 
Non-monsoon seepage = 27000x2.44x100x15x10'^ = 98.82 ham 
Monsoon seepage - 27000x2.44x30x15x10'^ = 29.64 ham 
Yearly seepage = 128.46 ham 
4. Total Non-monsoon canal seepage = 1328.73 ham 
Total monsoon canal seepage = 439.84 ham 
Total annual canal seepage = 1328.73+439.84 = 1768.57 ham 
(b) Recharge from irrigation water return flow: 
1. Khar if crop: 
Seepage factor = 40%, Average wetted depth = 0.40 m, Average irrigated 
area= 13627 ha. 
Monsoon return flow = 13627 x 0.40 x 0.40 = 2180.32 ham 
2. Rabi crop: 
Seepage factor 30%, Average wetted depth 0.4 m. Average irrigated area 
= 24501 ha 
Non-monsoon return flow = 24501x0.30x0.40=2940.12 ham 
3. Sugarcane-I: 
Seepage factor = 30%, Average wetted depth = 0.15 m. Average irrigated 
area = 2336 ha 
Monsoon return flow = 2336x0.15x0.30 = 105.12 ham. 
Sugarcane -11: 
Average wetted depth = 1.00 m 
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Non-monsoon return flow = 2336x1.00x0.30 = 700.80 ham 
Total yearly return seepage = Non-monsoon seepage + 
Monsoon seepage = 3640.92 + 2285.44 = 5926.36 ham 
(c) Recharge from Tank & Ponds: 
No. of Tanks = 66, water spread area = 73.12 ha 
Seepage factor = 55 cm/year 
Yearly recharge = 73.12x0.55 = 40.21 ham 
(iv) Gross Annual Recharge: 
= 6324.18 + 312.30 + 132.73 + 3640.92 + 40.21 = 11667.34 ham 
(v) Net Annual Recoverable Recharge 
= 85/100 X 11667.34 = 9917.23 ham 
6.4.2 GROUNDWATER DRAFT 
(i) Draft by dug wells: 
No. of dug wells = 2813, unit draft = 1.40/year 
Yearly draft = 2813x1.40 
= 3938.20 ham. 
(ii) Draft by shallow tube wells / pump sets: 
No. of shallow tube wells = 1586, umt draft / year = 2 ham, 
Yearly draft = 3172 ham. 
(iii) Draft by deep tube wells: 
No. of deep tube wells = 50, unit draft/year = 18 ham 
Yearly draft = 900 ham 
A. Gross annual draft = 8010 ham 
B. Net annual draft = 70/100 x 8010 = 5607 ham. 
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6.4.3 GROUNDWATER BALANCE: 
= 9917.23-5607 = 4310.23 ham. 
6.4.4 STAGE OF GROUNDWATER DEVELOPMENT 
(a) Present stage = 5607/9917.23 x 100 = 56.53% 
(b) Stage at 5 years = 56.53 + 5 x 2 = 66.53% 
Category = Grey or Semi-critical 
6.5 GROUNDWATER ASSESSMENT OF ATRAULI BLOCK 
6.5.1 ANNUAL RECHARGE 
(i) Monsoon recharge (ham): 
1. Year of observations = 2006 to 2007 
2. Total geographical area = 37300 hactares 
3. Water table fluctuation = 1.03 m 
4. Adopted specific yield = 18% 
5. IMD Normal yearly rainfall = 616.3 mm 
6. IMD Normal non-monsoon rainfall = 38.80 mm 
7. IMD normal monsoon rainfall = 552.4 mm 
8. Average monsoon rainfall (yrs of obs.) = 664 mm 
9. Infiltration factor = 25% 
10. Gross Kharif draft = 1638.35 ham 
Monsoon recharge (ham) = (37300 x 0.18 x 1.03) + 1638.35 -
(374.97 + 505.01) x 552.4/664.0 + 374.97 + 2384.46 = 7176.40 ham 
(ii) Non-monsoon rainfall recharge; 
= 37300 X 0.0388x0.25 = 361.81 ham 
(iii) Recharge from surface water sources: 
(a) Recharge from canals; 
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Applied seepage factor = 15 ham/day/10 sq.m. of wetted area of canal, 
1. Main canal: 
Non-monsoon seepage = 7000x15.27x200x15x10'^ = 320.67 ham 
Monsoon seepage = 7000x15.27x70x15x10"^ = 112.23 ham 
Annual seepage = 432.90 ham 
2. Distributaries: 
Non-monsoon seepage = 48800x9.16x100x15x10'^ = 670.51 ham 
Annual seepage = 871.66 ham 
3. Minors: 
Non-monsoon seepage = 56100 x 2.44 x 100 x 15xr^=205.32 ham 
Monsoon seepage = 56100 x 2.44 x 30 x 15 x 10"^  = 61.59 ham 
Annual seepage = 266.92 
Total non-monsoon canal seepage - 1195.50 ham 
Total monsoon canal seepage = 374.97 ham 
Total annual canal seepage = 1196.50 + 374.97 = 1571.48 ham. 
(b) Recharge from Irrigation water return flow: 
1. Kharifcrop: 
Monsoon return flow = 15147x0.40x0.40 = 2423.52 ham. 
2. Rabi crop: 
Non-monsoon return flow = 27059 x 0.40 x 0.30 = 3247.08 ham 
3. Sugarcane-I: 
Monsoon return flow = 1332x0.15x0.30 = 59.94 ham 
Sugarcane -11: 
Non-monsoon return flow = 1332x1.0x0.30 = 399.60 ham 
Total yearly return seepage: 
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= Non monsoon seepage + monsoon seepage 
-3646.68 + 2483.6 
= 6130.14 ham 
(c) Recharge from Tanks & Ponds: 
Nos. of tanks = 57, water spread area = 62.44 ha 
Seepage factor = 55 cm/year 
Yearly recharge = 62.44 x 0.55 = 34.34 ham 
(iv) Gross Armual Recharge: 
- 7176.40 + 361.81 + 1196.50 + 3646.48 + 34.34 
= 12415.73 ham 
(v) Net Annual Recoverable Recharge: 
= 85/100x12415.73 
= 10553.37 ham 
6.5.2 GROUNDWATER DRAFT 
(i) Draft by dug wells: 
No. of wells = 3939, unit draft = 1.0 ham 
Yearly draft = 3939 x 1.0 = 3939 ham 
(ii) Draft by shallow tube wells / pump sets: 
Nos. of shallow tube wells = 1454, unit draft = 1.60 ham 
Yearly draft = 1454 x 1.60 = 2326.40 ham 
(iii) Draft by deep tube wells 
Nos. of deep tube wells = 18, unit draft = 16 ham 
Yearly draft = 18x16.0 = 288.0 ham 
A. Gross annual draft = 6553.40 ham 
B. Net annual draft = 70/100 x 6553.40 = 4587.38 ham 
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6.5.3 GROUNDWATER BALANCE 
= 10553.37-4587.38 
= 5965.99 ham 
6.5.4 STAGE OF GROUNDWATER DEVELOPMENT 
(a) Present stage = 4587.38/10553.37x100 = 43.46% 
(b) Stage at 5 years = 43.46 + 5x2 = 53.46% 
Category = White or Safe 
6.6 GROUNDWATER ASSESSMENT OF SIKANDRA RAO BLOCK 
6.6.1 ANNUAL RECHARGE 
(i) Monsoon Recharge (ham): 
1. Years of observation = 1992 & 1993 
2. Total geographical area = = 33805.0 hectares 
3. Water table fluctuation = 0.86 m 
4. Adopted specific yield = 12% 
5. IMD Normal yearly rainfall = 624.0 mm 
6. IMD Normal monsoon rainfall = 546.10 mm 
7. IMD Normal non-monsoon rainfall = 55.0 mm 
8. Average monsoon rainfall (yrs. of obs.) = 376 mm 
9. Infiltration factor = 25% 
10. Gross Kharif draft = 1724.85 ham 
1. Monsoon recharge: 
= (33805x0.12x0.86) + 1724.85 -(389.67+77.23 + 517.46) x 
546.10/376 + 389.67 + 77.23 = 6609.31 ham. 
11. Non-monsoon rainfall recharge 
= 33805x0.055x0.25 
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= 464.81 ham 
(iii) Recharge from surface water sources: 
(a) Recharge from canals: 
Applied seepage factor = 15 ham/day/10^ sq.m. of wetted area of canal. 
1. Main canal: 
Non-monsoon seepage = 15000x15.27x200x15x10"^ 
= 687.15 ham 
Monsoon seepage = 15000x15.27x70x15x10'^ = 240.50 ham 
Annual seepage = 927.65 ham 
2. Distributaries: 
Non-monsoon seepage = 25000x9.16x100x15x10"^ = 343.50 ham 
Monsoon seepage = 25000x9.16x30x15x10"^ = 103.05 ham 
Annual seepage = 446.35 ham. 
3. Minors: 
Non-monsoon seepage = 42000 x 2.44 x 100 x 15x10"^  
= 153.72 ham 
Monsoon seepage = 42000 x 2.44 x 30x15 x 10"^  = 46.12 ham. 
Annual seepage = 199.84 ham 
Total non-monsoon canal seepage = 1184.37 ham 
Total monsoon canal seepage = 389.67 ham 
Total annual canals seepage = 1184.37 + 389.67 = 1574.04 ham 
(b) Recharge from irrigation water return flow: 
1. Kharifcrop: 
Monsoon return flow = 33x0.40x0.40 = 5.28 ham. 
2. Rabi crop: 
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Non-monsoon return flow = 16146.0 x 0.40 x 0.30 = 1937.52 ham. 
3. Sugarcane-I: 
Monsoon return flow = 1599x0.15x0.30 = 71.95 ham 
Sugarcane - II: 
Non-monsoon return flow = 1599x1.0x0.30 = 479.70 ham 
Total annual return seepage: 
= Non-monsoon seepage + Monsoon seepage 
= 2417.22 + 77.23 = 2494.45 ham 
(c) Recharge from Tanks & Ponds: 
Water spread area = 45 ha, seepage factor = 55 cm/year 
Yearly recharge = 45 x 0.55 = 24.75 ham. 
(iv) Gross Annual Recharge: 
= 6609.31 + 464.82 + 1184.37 + 2417.22 + 24.75 = 10700.47 ham 
(v) Net Annual Recoverable Recharge: 
= 85/100x10700.47 
= 9095.40 ham. 
6.6.2 GROUNDWATER DRAFT 
(i) Draft by dug wells: 
Nos. 3978, Unit draft / year = 1.4 ham 
Yearly draft = 3978x1.4 = 55690.20 ham 
(ii) Draft by shallow tube wells / pump sets: 
Nos. = 719, unit draft/year = 1.8 ham 
Yearly draft = 719 x 1.8 = 1294.2 ham 
(iii) Draft by deep tube wells 
Nos. 2, unit draft/year = 18 ham. 
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Yearly draft = 18 x 2 = 36 ham. 
A. Gross annual draft = 6899.40 ham 
B. Net annual draft = 70/100 x 6899.40 = 4829.58 ham 
6.6.3 GROUNDWATER BALANCE 
= 9095.40-4829.58 
- 4265. 82 ham 
6.6.4 STAGE OF GROUNDWATER DEVELOPMENT 
(a) Present stage = 4829.58/9095.40 x 100 = 53.09% 
(b) Stage at 5 years = 53.09+5x2 = 63.09% 
Category = White or safe 
6.7 ASSESSMENT OF GROUNDWATER RESOURCE POTENTIAL AND 
STAGE OF DEVELOPMENT 
The above block-wise evaluation of groundwater resource potential is 
summarized in Table 6.1 and the position of the entire investigated Kali -Sengar sub-
basin is worked out. Water balance is prepared using norms provided by NABARD for 
evaluation of groundwater resources and thereby deciding its status of utilization 
(NABARD 2006) 
According to the estimation, the utilizable groundwater resource potential of the 
Kali Sengar sub-basin is 29566.0 hams, out of which 15023.96 ham net drafts is 
already being extracted for domestic and irrigational needs and 14542.04 ham is 
available for further development. 
In view of 50.81% of groundwater development, there is sufficient groundwater 
surplus available for further development in the sub-basin which can be utilized 
through the construction of about 100 deep tube wells with pumping rate of 70-120 
m'/hour at a drawdown varying between 4 to 6 meters. Besides it, about 1000 shallow 
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tube wells having discharge of 15-25 m^/hour at an economic drawdown may also be 
constructed in a phased manner over a period of 5 years, observing the effect of 
groundwater development and water level trend from time to time. This will create an 
additional irrigation potential in the sub-basin. 
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However, a constant monitoring of water level in the sub-basin is very much 
required to keep a watch on the groundwater regime all over the area. The numerous 
distinct groundwater troughs developed in the areas close to the left bank of the river 
kali over the years due to the excessive development of groundwater need special 
attention. In all such places recharge thorough canal network be arranged in order to 
contain the rapidly declining trend of the water table converting an effluent river kali 
into an influent one. Moreover, water logging all along the feeder canal be checked as 
early as possible through lining of the feeder canal beds. This will increase the canal 
efficiency and will also save water, which infiltrates down below the canal beds 
which can be utilized for irrigating many more hectares of land on the kali banks or 
on the down stream side of the canal. 
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CHAPTER- VII 
HYDROCHEMISTRY 
7.1 INTRODUCTION 
Water is frequently referred as universal solvent, because it has the ability to 
dissolve at least some amount of all substance that comes in contact. Rainfall and 
snow melt percolating through the soil zone and unsaturated material chemically 
reacts with the gases, minerals and organic compounds that occur naturally within the 
subsurface. These reactions continue below the water table as the water flows through 
the aquifer. The result is that the characteristics and composition of the water evolve 
as it flows through the ground in response to the types of solids and gas phases that 
the solution encounters and the geochemical reactions that occur between these 
phases (Deutch, 1997). Therefore, each groundwater system has its own characteristic 
chemical signature produced as a result of chemical alteration of the meteoric water 
recharging the system (Drever 1982; Back 1996). 
There is considerable literature on the interpretation of geochemical processes 
in groundwater based on hydrochemical data and model simulations of hypothetical 
reactions. Geochemists have evaluated redox reactions and the partial equilibrium 
concept in aquifer in which chemical evolution is driven by one or more concurrent 
irreversible reactions. Carbonates, primary silicates, clays and sulfide minerals, ion 
exchange and organic carbon reactions play important role in driving chemical 
evolution in these systems (Deutch 1997). Native and Smith (1987) have conducted 
that geochemical studies of the Ogallala aquifer, ( Texas, New Mexico) and 
concluded that geochemistry of the aquifer is contoUed by surface topography of the 
underlying formation and permeabilityof alluvial deposits 
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The chemical composition of groundwater varies within the wide limits (Faure 
1998). However in most of the inland areas of the Indian subcontinents; it is the Ca-
Mg-HC03 type (Bartarya 1993; Datta and Tyagi 1996; Bhatt and Saklani 1996). The 
chemical alteration of the meteoric water depends on several factors such as 
interaction with solid phases, residence time of groundwater, mixing of groundwater 
with pockets of saline water, and anthropogenic impacts (Stallard and Edmond 1983, 
Dethier 1998, Faure 1998, Subba Rao 2001). Broadly speaking, the intake of major 
and minor cations is related to solid-water interaction (Bartarya 1993; Subba Rao 
2001). Such a direct relationship between lithology and relative abundances of cations 
is easily discernible in hard-rock areas (Faure 1998), for example, in carbonate rock 
terrain Ca+Mg>Na+K, whereas it is reversed in areas with arenaceous and crystalline 
lithologies. In dealing with a groundwater system in alluvium-covered areas, on the 
other hand, straightforward clues may not be as simple due to the masking of normal 
chemical alteration trends by anthropogenic influences. Over one third of the total 
deaths in the developing countries are caused by the consumption of contaminated 
water (Earth summit, 1992) and ignorance of water quality ( Niranjan Bau et. al. 
1997). 
The study of a relatively large group of samples from a given area offers clues 
to various possible trends of chemical alteration which the meteoric water undergoes 
before acquiring distinct chemical characteristics and attaining a chemical steady state 
in the aquifer. These identified trends in turn may be related to natural and 
anthropogenic causative factors. With this simple objective in sight systematic 
sampling was carried out in the study area from the point of view of understanding 
various possible sources of dissolved ions and to assess the seasonal variation in 
groundwater quality with respect to drinking and irrigational uses. 
7.2 METHODOLOGY 
7.2.1 Sample Collection: 
The objective of sampling is to collect a portion of material small enough in 
volume to be transported conveniently and handled in the laboratory while still 
accurately representing the material is being sampled (APHA 1992). Samples, 
however, have to be handled in such a way that no significant change in composition 
occurs before the test are made. 
Due to probable seasonal variation in the water quality, in all, 200 
groundwater samples and SOsurface water samples were collected for physico-
chemical analysis in two successive seasons viz. pre-monsoon and post-monsoon 
period corresponding June, November 2006 2007, respectively. Out of 200 samples, 
100 samples were collected in June and November 2006 and 100 samples in June and 
November 2007 from the same sampling sites. The water samples were collected and 
stored in 1 litre capacity clean plastic bottles. Before collection the bottles were 
carefully washed. In order to avoid any impurity, the wells were duly pumped so that 
the stagnant water is completely removed from storage with in the well assembly. 
Besides major ions, 200 groundwater samples were also collected in June and 
November in 2006 and 2007 respectively for trace elements analysis. The trace 
element samples were treated with 0.6N HNO3. Sampling location map of the study 
area is shown in Fig. 7.1. 
The major ion and trace elements analysis was carried out in the Geochemical 
laboratory. Department of Geology, Aligarh Muslim University, Aligarh. 
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7.2.2 Analytical Techniques: 
The physico-chemical characteristics of water samples were determined 
according to the standard methods of APHA (1992). Electrical Conductivity (EC) and 
pH were determined in the field. pH by a portable digital pH meter. The EC was 
measured with the help of portable kit with electrodes. 
The concentrations of Ca^, Mg"^"*^, HCOs', CI' and total hardness were 
determined by titrimetric method. Ca^ "^  and Mg"^ '*" were determined by EDTA titration, 
for HCO3", HCl titration to a methyl orange point was used. Chloride was also 
determined by titration with AgNOs solution. Flame emission photometry was used 
for the determination of Na"^  and K"^ . In this method water sample is atomized and 
sprayed in to a burner. The intensity of the light emitted by a particular spectral line is 
measured with the help of a photoelectric cell and a galvanometer. Sulphate was 
analysed by gravimetric method. The concentrations of F" NO3" were determined with 
the help of nitrate spectrophotometer. 
The trace elements like Cu, Zn, Ni, Fe, Mn, Co, Cr, Cd ,Pb,V and As were 
analysed by Atomic Absorption spectrophotometer. The analyzed data of the pre- and 
post-monsoon 2006 and 2007 water samples are given in Table 7.1 and 7.2. 
7.3 GROUNDWATER COMPOSITION 
Inorganic constituents are classified as major constituents with concentration 
greater than 5 milligram per litre (mg/1), minor constituents with concentration 
ranging from 0.01 to 10 mg/1 and trace element with concentrafions less than 0.01 
mg/1 (Davis and Dewist 1966). 
Precipitation and infiltration process serves as an important factor of the 
oxerall chemical characteristics of the groundwater in an unconfined aquifer. The soil 
164 
zone that support plant life is one of the most important components in the study of 
groundwater chemistry. It is in the soil zone that water first enters and come in contact 
with inorganic and organic solids. 
Naturally occurring dissolved organic compounds are typically present in 
minor or trace quantities. By far the most abundant organic compounds in shallow 
groundwater are humic and fulvic acids. The important groundwater gases include 
oxygen, carbon dioxide, hydrogen sulfide and methane. Organic carbon in the soil 
also effects the inorganic chemistry of groundwater because the oxidation of organic 
matter produces CO2 gas. Carbon-dioxide gas reacts with the water to produce 
carbonic acid and the other inorganic carbon species like bicarbonate and carbonate. 
The production of carbonic acid makes the water a more aggressive weathering 
solution and the increase in the level of anionic carbon species enhances ion 
complexation (Deutsch 1997). 
H,CO, -^H' = HCO; 
Rainwater and melted snow in non-urban, non-industrial area has pH values 
normally between 5 and 6. Because the water must be acidic, it is apparent that HCO3 
is the only ionic species of dissolved inorganic carbon present in a significant amount 
(Freeze and Cherry 1979). 
The main source of sulphate is the industries from where Sulphur is spewed in 
to the atmosphere. Emission of Sulphur into the atmosphere occurs mainly as 
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particulate S and gaseous SO2. In the atmosphere this leads to increased concentration 
of H^ and SCff in rain water, as shown in following reactions 
S+0->S02(g) 
S02(g) + H20+1 02^ SO',-+2U^ 
In conclusion, it can be stated that rain water is extremely dilute, slightly to 
moderate acidic oxidizing solutions that can quickly cause chemical alterations in soil 
or in geologic materials in to which it infiltrate (Freeze and Cherry 1979). 
7.4 SOIL SAMPLING PROCEDURE 
For the collection of soil sample, polythene bags of 1 kg. Capacity is used. A 
trenching spade is convenient tool for sampling surface soils. Soils should be free of 
moisture before storing for long period of time. To make the soil free of moisture, it 
should be kept in an oven at a temperature of 120°C for ten hours. 
Precautions: 
Before collection of soil samples, following precautions should be taken into 
account. 
1. Areas where soils showed clear stratification, sample should be taken from 
different layers. 
2. Sample should be taken to a depth of 6-7 inches. 
3. Dried soil samples are powdered and the required amount of powder is packed 
in pol}4hene packs. 
Analytical Procedure: 
The soil samples were analyzed as per the standard method (APHA 
1992. Trivedi and Goel,1984)in the department of Geology, Aligarh Muslim 
University, Aligarh, Uttar Pradesh., India. Volumetric methods were adopted for 
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determination of major cation and anion except sodium and potassium while sulphate 
was determined by gravimetric method and sodium and potassium was analyzed using 
llame photometer. Hydrogen ion concentration and Electrical conductivity were 
analyzed water analysis kit by making of solution of soil and distilled water by at least 
dipped soil in water for 24 hours. 
7.5 CHEMISTRY OF MAJOR IONS 
7.5.1 Hydrogen ion concentration (pH): 
The total Hydrogen ion concentration is not normally determined; instead the 
activity of the free, un-complexes hydrogen ion is measured because of the reactivity 
of the Hydrogen Ion. Its activity in groundwater is an especially important parameter. 
The activity of Hydrogen is measured as the pH of water, which is defined as 
pH = -log,o(a^//) 
a*H is the activity of the Hydrogen ion (moles/kg). pH range from 6.5 to 8.3 is 
quite safe and water remains free from corrosive action, however this change would 
have a major effect on solubility of minerals (Deutsch 1997). 
To avoid changes caused by escape of CO2 from the water, measurements of 
the pH of groundwater are normally made in the field after sample collection. Carbon 
dioxide in groundwater normally occurs at a much higher partial pressure than in the 
earth's atmosphere. When groundwater is exposed to the atmosphere, CO2 will escape 
and the pH will rise. On other words pH value of water is a measure of acidity and 
alkalinity of water and is very important indicator of its quality. It influences the 
groulh of plant and soil organism; therefore, it affects to a greater extent the 
suitability of water for irrigation. The pH value of acidic water varies from 0-7 and 
alkaline water between 7-14. while neutral water has a pH value of 7.0. Mostly the 
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fresh waters have a pH of 6-8. The highest desirable limit for public water supply is 7 
to 8.5 while maximum permissible limh is 6.5 to 9.5 (WHO, 2003). The pH value of 
the area pre-monsoon, groundwater (2006) ranges from 7.2-9.7 with an average of 
8.29. and in post-monsoon 7.2 to 9.6 with an average of 8.2,and the pH value of the 
area pre-monsoon (2007)ranges from 7.3-9.6 with an average of 8.4, and in post-
monsoon 7.4 to 9.7 with an average of 8.36 while the pH value of the area pre-
monsoon, surface water (2006) ranges from 7.3-9.2 with an average of 8.13, and in 
post-monsoon 7.3 to 9.3 with an average of 8.2, the pH value of the area pre-
monsoon, surface water (2007) ranges from 7.5-9.5 with an average of 8.28, and in 
post-monsoon 7.4 to 9.4 with an average of 8.13 and thereby showing slightly alkaline 
nature of water. 
7.5.2 Electrical conductivity (E.G.): 
Electrical conductivity is the ability of a substance to conduct an electric 
current. Electrical conductivity of water is directly related to the concentration of 
ionized substance in water. It gives an idea about extent of mineralization and is 
indicative of the salinity of water. The electrical conductivity with 400 fiS/cm at 25°C 
is considered suitable for human consumption. The water samples in the study area 
are characterized by high extent of mineralization at a few places. The pre-monsoon, 
groundwater 2006 value ranged between 300-3100 fiS/cm, post monsoon value range 
between 300 to 3200 |iS/cm and pre monsoon, surface water2006 value ranged 
between 300-2100 (iS/cm, post monsoon value range between 300 to 2200 |iS/cm 
while the pre monsoon, groundwater 2007 value ranged between 500-3400 ^S/cm, 
post monsoon vakie range between 140 to 3500 |aS/cm and pre monsoon, surface 
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water 2007 value ranged between 400-2100 ^S/cm, post monsoon value range 
between 300 to 2000 }.iS/cm while max permissible limit is 1500 ^S/cm (BIS, 1991) 
7.5.3 Total dissolved solids (TDS): 
Total quantity of chemical constituents present in the water is called total 
dissolved solid. TDS is an important criterion which measures the suitability of water 
for irrigation. The permissible limit of total dissolved solid are 1000 mg/L (BIS, 
1991) and 1200 mg/L (WHO, 2003). Majority of the samples in the study area were 
found to have the concentration of TDS more than 1200 mg/L. The value of TDS 
ranges between 195 to 2015 with an average of 810 mg/L in Groundwater sample of 
pre monsoon 2006 while in post monsoon it ranges between 195 to 2080 mg/L. The 
concentrations of TDS have been recorded in pre-monsoon 2007 , 325 to 2215 mg/L 
while in post monsoon it ranges between 91 to 2275 mg/L.Water with high 
concentrations of TDS is laxative effect on people. 
7.5.4 Total Hardness: 
Hardness of water is related to its capacity to produce leather from soap. The 
hardness is caused by the presence of carbonates of calcium and magnesium, chloride 
and sulphate of calcium and magnesium. Water has been classified as hard or sor 
according to their action on the soap. The less amount of soap is consumed to produce 
leather when the water is soft. Public acceptability of the degree of hardness of water 
may \'ary considerably from one community to other, depending upon local 
conditions. On the basis of hardness, water is classified as follows: 
1. Less than 50 ppm : soft 
2. 50 to 100 ppm : moderately soft 
3. 100 to 150 ppm : slightly hard 
4. 150 to 250 ppm : moderately hard 
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5. 250to350ppm : hard 
6. More than 350 ppm : excessively hard 
The hardness of water in the study area ranged from 214 to 224 mg/L (pre-monsoon) 
and 192 to 576 mg/L (post-monsoon) 2006. With an average of 356.77 mg/L and 
321.38 mg/L. The hardness of water in the study area ranged from 227.12 to 598.87 
mg/L (pre-monsoon) and 206.49 to 528.01 mg/L (post-monsoon) 2007. With an 
average of 371 mg/L and 327.29 mg/L. In general, water of the area is hard. Ground 
water of Kasganj, Jalesar are hard (598 mg/L, 535mg/L) in pre-monsoon. The 
maximum permissible limit of hardness for drinking water supply is 500 mg/L WHO 
(2003) BIS (1991) while h behaves scale deposition in distribution system if it has 
more than 200 mg/L WHO (2003). Hard water is generally believed to have harmful 
effect on human being. Cardiovascular diseases are reported to be confined to the 
areas of soft water than to those having hard water (Crawford, 1972). 
7.5.5 Calcium (Ca ^^): 
Calcium is one of the important cations present in ground water. The main 
sources of calcium in ground water are rain water, leaching from fertilizers, soil 
amendment, weathering of calcium silicate minerals and use of surface water for 
irrigation. The dissolved CO2 generally controls the calcium ion. The maximum 
desirable limit of calcium in drinking water is 150 mg/L (WHO 2003). Calcium 
contents in ground water of the area ranged from 30.5 to 88.9 mg/L in pre and 28.2 to 
85.8 mg/L in post-monsoon 2006, fig (7.2 &7.3). Calcium contents in ground water of 
the area ranged from 32 to 90.2 mg/L in pre and 30.2 to 85 mg/L in post-monsoon 
2007 Fig (7.6&7.7). The maximum permissible limit is 200 mg/L. The concentration 
of calcium in the area is less than 200 mg/L. Calcium has tendency to get precipitated 
in the form of concentrations known as kankar. During contact with clays, part of 
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calcium may also undergo ion-exchange reaction, which may be the reason for the 
depletion of calcium in ground water. Calcium is an essential constituent for human 
body which requires 0.7 to 2.0 g/day. However, large doss are required by pregnant 
women and growing children. In human body it is essential for mascular and nervous 
system, cardiac function and in coagulation of blood. Low levels of calcium may have 
adverse effects on human health. Higher content is also harmful resulting in the 
function of kidney and bladder stones and irritation in urinary passage. 
7.5.6 Magnesium (Mg ^^): 
Magnesium is common, moderately toxic element and is found in almost all 
water supplies. If high concentration of magnesium is combined with sulphate a 
laxative effect result, therefore some caution must be exercised with it. Magnesium is 
also a constituent of hardness. The permissible limit of magnesium content for 
drinking water varies from 100 mg/L (WHO, 2003), (BIS 1991) Indian Council of 
Medical Research (ICMR,) has prescribed 50 mg/L as maximum desirable limit and 
100 mg/L as maximum permissible limit. Magnesium content of water ranged from 
28.6 to 101.4 mg/L in pre and 24.8 to 92.8 mg/L in post-monsoon with an average of 
51.65 mg/L in pre and 53.41 mg/L in post-monsoon in 2006 fig(7.2& 7.3). 
Magnesium content of water ranged from 25.7 to 103.2 mg/L in pre and 26.67 to 93.8 
mg/L in post-monsoon with an average of 53.48 mg/L in pre and 50.4 mg/L in post-
monsoon 2007 fig (7.6 &7.7). In other part of the area Mg contents are less than 50 
mg/L. Magnesium deficiency is associated with structural functional changes and may 
cause severe diarrhea, chronic renal failure and protein-caloric malnutrition (WHO, 
2003). 
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7.5.7 Sodium (Na y. 
Sodium is present in nearly all natural water and its concentration in ground 
water depends on hydrogeological conditions, industrial activities and weathering of 
rock minerals present in soil. The most important water quality aspect of sodium is 
the possibility of changing the permeability of soil. The sodium concentration in the 
area ranges from 82 to 486 mg/L in pre and 78 to 450 mg/1 in post-monsoon with an 
average of 242.19 mg/L (pre-monsoon) and 228.07 mg/L (post-monsoon) 2006 fig 
(7.2 &7.3). The sodium concentration in the area ranges from 108 to 475 mg/L in pre 
and 110 to 480 mg/1 in post-monsoon with an average of 250.17 mg/L (pre-monsoon) 
and 241.6 mg/L (post-monsoon) 2007 Fig (7.6 &7.7), highest value of Na has been 
recorded at location 16,17,18,19,20,24,25,26,27,28,29,30,32,33,34,36,37,38,39,40,41, 
42,43,49,50. The guideline value of sodium is given as 200 mg/L which is based on 
taste consideration (WHO, 2003) (BIS, 1991). Though sodium is an essential element 
for human body, its higher content in drinking water may be harmful to a person 
suffering from cardio and renal diseases pertaining to circulatory system. 
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7.5.8 Potassium (K^): 
The concentration of potassium in the area is not under the permissible Hmit, 
ranging between 10 to 96 mg/L in (pre) and 8 to 108 mg/L in post-monsoon with an 
average of pre-monsoon (50.65 mg/L) and post-monsoon (45.98 mg/L)2006 fig (7.2 
&7.3). Potassium, ranging between 8 to 112 mg/L in (pre) and 6 to 104 mg/L in post-
monsoon with an average of pre-monsoon (53.21 mg/L) and post-monsoon (47.80mg/L) 
in 2007 fig (7.6 &7.7). The higher values, have been recorded at location 
1,4,5,6,7.9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,25„27,28,29,30,31,32,33,34,35,36, 
37,38.39,40,4 l,42,43,44,45„46,47,48,49,50.The maximum permissible limit of potassium 
is 12 mg/L and 15 mg/L (WHO, 2003) (BIS 1991). The depletion of potassium may be as 
a result of reaction with clay minerals. The source of potassium contamination in 
groundwater is mainly rain water, and also the use of potash fertilizer, and surface water 
for irrigation practices. 
7.5.9 Sulphate (SO4 ^"): 
Sulphate is predominant anion present in wide range of concentration in natural 
water. The chief sources of sulphate in ground water are sulphate minerals in sedimentary 
rocks, o.xidation of sulphides from igneous rocks, addition of soil amendments such as 
gypsum, pyrites, fertilizers and rain water. Analytical results show that the concentration 
of sulphate in the area ranged from 68 and 486 and 56 to 468 mg/L postmonsoon 2006 
fig (7.2 &7.3). analytic result show that the concentration of sulphate in the area ranged 
from 70 to 516 mg/L pre and 49to 504 mg/L post monsoon2007 fig (7.6 &7.7).WHO 
2003. BIS 1991 prescribed highest desirable limits of 200 mg/L and maximum 
permissible limit of 400 mg/L for sulphate in drinking water. In most of the water 
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samples, sulphate contents are within the permissible limit except the samples collected 
from sulphate at higher concentration can have laxative effect (WHO, 2003). Sulphate 
ions when associated with high concentrations of magnesium and sodium ions act as 
laxative and may cause gastric disorders. 
7.5.10 Bicarbonate (HCOj): 
The main sources of bicarbonate in ground water include carbondioxide in the 
soil, leaching from carbonaceous rock, carbondioxide in the atmosphere and carbon 
dioxide released due to bacterial oxidation of organic matter. The range of bicarbonate 
concentration in the area is from 75to 378 mg/L pre in and 85 to 384 mg/L in post-
monsoon with an average of 321.75 mg/L 259.76mg/L in 2006 fig (7.2 &7.3). The range 
of bicarbonate concentration in the area is from 88 to 386 mg/L in pre and 80 to 410 
mg/L in post-monsoon with an average of 213.44 mg/L and 208.17 in 2007 (fig7.6 &7.7) 
7.5.11 Carbonate (CO3'): 
Carbonate concentration in the area ranged from 18 to 146 mg/L in pre and 20 
tol20mg/L in post-monsoon with an average of 54.57 mg/L and53mg/L in2006 (fig 
7.2&7.3). Carbonate concentration in the area ranged from 16 to 162 mg/L in pre and 18 
toi49mg/L in post-monsoon with an average of 63.13 and 57.53 mg/L in 2007 
respectively (fig7.6 &7.7) 
7.5.12 Chloride (CI): 
Sodium and calcium chloride are found in natural water but are harmful to fish in 
high concentration. Although chlorides may be injurious to people suffering from 
diseases of heart and kidney. WHO. 2003 BIS 1991 recommended 250 ppm as desirable 
limits of 
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chloride in potable waters whereas the Indian Council of Medical Research (l.C.M.R. 
1975) recommends 200 mg/L as desirable limits and 1000 mg/L as maximum permissible 
limit. The major sources of chloride in ground water are seepage from sewage, industrial 
effluents and chloride brought down by rainfall. 
The chloride concentration in the study area ranged from 80 to 485 mg/L with an 
average 211.52 mg/L in the pre-monsoon 2006 and 80 to 462 mg/L with an average 
199.76 mg/L in post-monsoon 2006 water samples (Fig?.2 & 7.3) chloride concentration 
in the study area ranged from 88 to 513 mg/L with an average 222.55 mg/L in the pre-
monsoon 2007 and 72 to 500 mg/L with an average 216.78 mg/L in post-monsoon 2007 
water samples (fig 7.6 &7.7).High concentration of chloride is confined in 
Dadon,Ganiawali, Sasni Railway Station,Vijaygarh, Sikandra Rau, Hathras Railway 
station Purdilnagar, Jalesar, Pilakhna, Chharra, Gangiri, Qutabpur, bazidpur, Shahgarh, 
Jirauli,and Bhatikara and in ground water . In rest of the samples, the chloride 
concentration are within the permissible limit WHO (2003). A high concentration of 
chloride gives salty taste to water and large amount effect corrosively on metal pipes. 
People who are not accustomed to high chlorides in water are subjected to laxative effect 
as suggested by Raviprakashan and Krishna Rao (1989). 
7.5.13 Nitrate NO3. 
Nitrate contamination, often associated with agricultural activities. The most 
common contaminant identified in ground water is dissolved nitrogen in the form of 
nitrate. The main sources of nitrate in ground water are industrial wastes, sewage and 
animal wastes. The concentration of nitrate varied from 8 to 63 mg/L in pre and 10 to 58 
mg/L in post-monsoon with an average of 36 mg/L and 32.32 mg/L respectively in 2006 
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(fig7.2 &7.3). The concentration of nitrate varied from 8 to 91 mg/L in pre and 6 to 85 
mg/L in post-monsoon with an average of 37.63 and 35.44 mg/L in 2007 (fig 7.6& 7.7). 
In study area the most of the sampling site Nitrate contents are within the permissible 
limit of 50 mg/L (WHO, 2003) (BIS, 1991). Nitrate content in drinking water is 
considered important for its adverse health effect. Higher contents of nitrate in drinking 
water may cause methemoglobinemia in infants. Nitrate can be reduced to nitrite and 
absorbed into the blood oxidizing the iron of hemoglobin. 
7.5.14 Fluoride (F'): 
Fluoride is naturally present in some foodstuffs as well as in water. It becomes 
toxic for animal and human being when present at more than Img/L concentration in 
drinking water. At level above 1.5 mg/L , mottling of teeth has been reported very 
occasionally skeletal fluorosis may be observed, when concentration of 10 mg/L is 
exceed, it may cause crippling problem. The concentrations of fluoride in groundwater in 
pre and post 0.3 to 10 mg/L and 0.2 to 8.2 mg/L with an average value are 3.18 to2.79 
mg/L in 2006 (tlg7.2 & 7.3). The concentrations of fluoride in groundwater in pre and 
post 0.2 to 9.2 mg/L and 0.3 to8.6 mg/L with an average value are 3.3 to2.95 mg/L in 
2007. The higher concentration by highest desirable limit (1.0 mg/L) WHO (2003) and 
B1S(1991) at the location 2,3,4,5,9,10,11,12,13,14,16,17,18,19,20, 21,22,26,27,28,29.30, 
31.32.33.34.35,36,37,38.42,43,44,45,46,47,48,49 and 50 .High value of fluoride in the 
study area are attribute mainly to the presence of fluor- apatite and usage of phosphoric 
fertilizers, which are being leached down to the saturated zone by return irrigation flows 
(Handa. 1975) 
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7.6 DISTRIBUTION OF HEAVY METALS AND ITS EFFECT ON WATER 
QUALITY 
For every metal which man make use of the modern technological society is a 
potential source of pollution of the biosphere. The multiplicity of the industrial process 
gives rise to a continuously changing pattern of distribution for each element in the 
biosphere creating in turn their own characteristic ecological consequences. Heavy metals 
are those having density more than five times higher than that of water. They are usually 
found in trace amount in natural water therefore, they are called trace element. The 
concentration of trace elements increase in water due to addition of industrial waste and 
sewage etc. Some of the heavy metals if present within the permissible limits are 
essential for the human system, but these can be very harmful if their concentrations are 
high.Water samples collected from the study area were analysed for the trace elements 
like Iron. Manganese, Lead, Copper, Zinc, Cadmium, Chromium, cobalt, nickel, 
Vanadium, Arsenic (Table 7.3). Dispersion of these elements in the water of the area, 
their sources and various health hazards are discussed below. 
7.6.1 Iron (Fe): 
Iron is essential element for human, animal and plant growth. Iron is mostly a 
naturally derived metallic pollutant which owes its origin in water mainly to the sources 
derived from soil and rock. The major source of iron in water of the study area are mainly 
industries connected with manufacture of iron or steel and metal plants and thermal 
power station. Iron concentration in ground water samples in pre and post varies from 0.2 
to 2.3 mg/L and 0.1 to 1.9 mg/L with an average of 2.3 and 0.85 mg/L respectively in 
2006. The Iron concentration in ground water samples in pre and post varies from 0.4 to 
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3.2 mg/L and 0.2 to 2.8 mg/L with an average of 1.3 and 1.12 mg/L respectively in 2007. 
The over all distribution of iron is above the desirable limits (WHO, 2003) and BIS 
(1991) for drinking water supplies. The higher concentration of iron have been observed 
at all the location except 8,12,14. 
Iron is important element for humans and exists in ionic and non-ionic forms. 
Higher concentration of iron in drinking water imparts bitter sweet, astringent taste and 
inky flavour. 
7.6.2 Manganese (Mn): 
The important natural sources of manganese are, the soil of sedimentary and 
metamorphic rocks. Water pollution of manganese is due to industrial effluents 
particularly industries manufacturing iron and steel. The concentration of manganese in 
ground water is usually low due to geo-chemical controls. It is adsorbed on the clays, 
organic matter, hydrated iron oxides, silicates etc. 
Manganese concentration in ground water of the study area is generally within the 
permissible limits (0.4 mg/L) (0.1 mg/L) as prescribed by WHO (2003), BIS (I99I). The 
concentration of manganese in groundwater of pre and post ranges from O.I to 2.9 mg/L 
and 0.1to2.6 mg/L with an average of 2.9 and 1.18 mg/L respectively in 2006. The 
concentration of manganese in groundwater of pre and post ranges from 0.1 to 2.9 mg/L 
and 0.1 to 2.6 mg/L with an average of 1.48 and 1.32 mg/L respectively in 2007. 
Manganese is also an essential element for nutrition of man. It does not appear to have 
toxicological significance in drinking water at the quantities generally present in natural 
waters. 
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7.6.3 LEAD (PB) 
Main sources of lead pollution are the effluent of industries such as paints, storage 
batteries, printing and dyeing, impurities in fertilizers and insecticides. Lead salts are 
used as anti-knocking compounds in fuel for gasoline. Lead concentration in ground 
water of the study area is generally more than the permissible limits (0.05 mg/L) as 
prescribed by WHO, 2003.BIS (1991). The concentration of lead in groundwater of pre 
and post ranges from 0.01 to 1.2 mg/L and 0.005 to 0.9 mg/L with an average of 1.2 and 
0.4 mg/L respectively in 2006. The concentration of lead in groundwater of pre and post 
ranges from 0.02 to 3.0 mg/L and O.lto 0.7 mg/L with an average of 0.43 and 0.25 mg/L 
respectively in2007. 
The maximum permissible limit of 0.05 mg/L as reported by WHO, 2003 
B1S(1991). The high concentration can have harmful effect on human health. It has 
adverse effect on the central nervous system, blood cell, and kidney and may cause brain 
damage. As a result of ingestion of lead, there may be loss of appetite, fatigue, irritation, 
headache and vomiting. 
7.6.4 Copper (Cu): 
Copper is an essential trace element for human body. Natural source of copper 
(weathering of sulphide ore) contributes a considerable concentration in ground water. 
Industrial effluents from plating and electrical units, paints, pumping equipments, textiles 
and pesticides are the sources of copper. 
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Copper concentration in ground water in pre and post ranged between 0.02 mg/L 
to 1.6 mg/L and 0.03 to 1.5 mg/L witii an averaging 1.6 mg/L and 0.65 mg/L in 2006. 
Copper concentration in ground water in pre and post ranged between 0.02 mg/L to L7 
mg/L and 0.01 to L6 mg/L with an averaging 0.82 mg/L and 0.72 mg/L in 2007.The 
analytical results shows that the overall concentration of copper in the area is within the 
permissible limits of WHO, 2003 and BIS 1991. The daily requirement of copper for an 
adult is 2.0 mg/L. Copper is involved in hemoglobin synthesis, connective tissue 
development and normal function of central nervous system. Copper deficiency is linked 
with anaemia, demineralization of bone etc. 
7.6.5 Zinc (Zn): 
Zinc is an essential element for plants, animals and man due to its important role 
in the functioning of various enzymes, protein synthesis and carbohydrate metabolism. It 
plays an important role in the process of cell division and growth and is present in highest 
concentration in the liver. The total zinc content of an adult varies from 1.4 to 3 mg. 
Zinc in the ground water in the study area may be contributed by industrial 
effluents like electroplating wastes containing high level of zinc. 
Zinc concentration in ground water in pre and post ranged between 1.2 mg/L to 8.6 mg/L 
and 0.9 to 7.5 mg/L with an averaging 8.6 mg/L and 3.89 mg/L in 2006. Zinc 
concentration in ground water in pre and post ranged between 1.3 mg/L to 8.8 mg/L and 
1.2 to 8.3 mg/L with an averaging 4.68 mg/L and 4.39 mg/L in 2007 The analytical 
results shows that the overall concentration of zinc in the area is above the desirable 
limits of WHO. 2003 and BIS 1991. 
195 
Zinc is very significant element for human health and agriculture. Deficiency of 
zinc may lead to retarded growth, and impaired wound healing. 
7.6.6 Cadmium (Cd): 
Cadmium is one of the rarer elements in nature and occurs as its sulphide (CdS) 
and in association with sulphate ore. Cadmium and its compounds are usually present in 
natural waters in very low concentration. The major source of cadmium in the study area 
are effluents of industries connected with electroplating, copper and nickel alloys, paints, 
nickel-cadmium batteries etc. 
Cd concentration in ground water in pre and post ranged between 0.01 mg/L to 0.7 mg/L 
and 0.01 to 0.6 mg/L with an averaging 0.7 mg/L and 0.12 mg/L in 2006. Cd 
concentration in ground water in pre and post ranged between 0.01 mg/L to 0.5 mg/L and 
0.01 to 0.4 mg/L with an averaging 0.12 mg/L and 0.09 mg/L in 2007. 
In most of the samples, they are more than the permissible limit of WHO, 2003 
(0.003 mg/L) Cadmium is not essential element for human body, high concentration of 
cadmium causes adverse effect on human body. Renal damage may take place when the 
concentration is high. Hypertension and cardiovascular diseases has also been associated 
with cadmium. 
7.6.7 Chromium (Cr): 
Chromium is one of the most widely distributed heavy metals in the earth crust. It 
is usually found in two oxidation i.e. Cr^ ^ and Cr^ .^ Cr"^ ^ gets easily oxidized to Cr^ 
which is more toxic. Chromium in the area is used in metallurgical industry. It is also 
used in electroplating, chemical and Dyes industries. 
196 
Chromium concentration in ground water in pre and post ranged between 0.01 mg/L to 
0.6 mg/L and 0.005 to 0.9 mg/L with an averaging 0.6 mg/L and 0.4 mg/L in 2006. 
Chromium concentration in ground water in pre and post ranged between 0.01 mg/L to 
0.7 mg/L and 0.01 to 0.5 mg/L with an averaging 0.12 mg/L and 0.089 mg/L in 2007 
in most of samples it is more than desirable limit. WHO (2003) has prescribed 
0.05 mg/L and BIS 1991 of chromium as the maximum permissible limit. Toxicity of 
chromium is greatly dependent upon the hardness of water, which works antagonistically 
with it. The mode of contamination of chromium is water and air and their effect on 
human being is carcinogenic. 
7.6.8 Nickel: 
Nickel is not commonly found in natural deposits. The solubility of nickel salt in 
water is quite low. Due to formation of complexes and adsorption on iron and manganese 
hydo-oxide during percolation, the concentration of nickel in groundwater is usually low. 
Effluent of electroplating wastes, steel alloys industries, dyes and textiles, nickel 
cadmium batteries and chemical industries are the possible source of nickel in 
groundwater. 
The concentration of Nickel in drinking water normally is less than 0.02 mg/l 
(WHO 2003). The average daily dietary intake of Ni is normally 0.1-0.3 mg, which may 
be as high as 0.9 mg with an intake of special food. The concentrations of Ni in the study 
area range between 0.015-0.135 mg/l. 
7.6.9 Arsenic(As): 
It is an important drinking-water contaminant, as it is one of the few substances 
shown to cause cancer in humans through consumption of drinking-water. There is 
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overwhelming evidence from epidemiological studies that consumption of elevated levels 
of arsenic through drinking-water is causally related to the development of cancer at 
several sites, particularly skin, bladder and lung. 
Arsenic concentration in ground water in pre and post ranged between 0.01 mg/L 
to 0.6 mg/L and 0.005 to 0.9 mg/L with an averaging 0.6 mg/L and 0.4 mg/L in 2006. 
Arsenic concentration in ground water in pre and post ranged between 0.01 mg/L to 0.7 
mg/L and 0.01 to 0.5 mg/L with an averaging 0.12 mg/L and 0.089 mg/L in 2007. 
7.7 MAJOR IONS ELEMENTS IN SOIL SAMPLES 
Soil samples have been collected from the different location of the study area. 
Forty samples were analysed for major. The concentration of major ions in soil samples 
have been observed that the pH value in soil sample ranges between 7.5 to 9.6 with 
an average 8.5 and E.C. ranges 100 to 2400 \xslcn\ with an averagel540 |j,s/cm The 
concentration of Ca, Mg. Na, K, CI. HCO3, CO3 and SO4 N03 and F ranges from 78.5 
to 181.4 mg/L, 62.4 to 122.3 mg/L, 245 to 516 mg/L, 58 to 92 mg/L, 77.5 to 151.6 mg/L, 
54 to 88 mg/L. 35 to 68 mg/L, 84 to 412 mg/L,45 to 115mg/L,2.4 to 7.5mg/L 
7.8 GRAPHICAL PRESENTATION OF DATA: 
An important task in ground water investigation is compilation of chemical data 
in a convenient manner for visual inspection. For this purpose graphic representation are 
useful for display, comparing analyses for emphasizing similarities and differences. A 
variety of graphic techniques have been developed for showing the hydrochemical data. 
In the present study bar graph, line graph, surface graph, Gibbs variation diagram 
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tri-liner diagram and modified tri-Iinear diagram have been used for the presentation of 
the results of chemical analysis. Bar diagram has been prepared for representing the 
individual concentration of major ions in 20 different sampling stations and the average 
values and line graphs are used for showing the variation in pre and postmonsoon water 
samples. 
7.8.1 Trilinear Diagram: 
The trilinear diagram are useful for visually plotting the difference in major-ions 
chemistry in ground water flow system. In order to present water composition in 
convenient manner by identifiable groups, Back (1961, 1966), and Morgan and Winner 
(1962) have developed the concept of Hydrochemical facies. Hydro-chemical facies are 
distinct zones that have cation and anion concentrations describable within defined 
composition categories (Freeze and Cherry, 1979). According to Back (1961) the term 
hydro-chemical facies is used to describe the bodies of ground water in an aquifer that 
differ in their chemical composition. The facies are a function of lithology, solution 
kinetics and flow pattern of the aquifer (Back, 1966). 
The percent values of cations and anions of pre- and post-monsoon water samples 
have been plotted on tri-Iinear diagram (Fig. 7.). In order to designate hydro chemical 
facies of the study area Morgan and Winner (1962) and Back (1966). The plotting of 
analytical results shows that Na-K C1-S04 and-Ca- Mg-Cl S04 followed by Ca- Mg-
HC03 facies occur in pre and post groundwater as well as surface water samples of 2006 
and 2007 except in surface water 2007 Na- K -CI S04 followed by Ca- Mg-CI-S04 
facies occurred. 
2 t t l 
Figure 7.20 Piper Trilinear Diagram Showing Chemical Character of Groundwater 
in the Study Area 2006 
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Figure 7.21 Piper Trilinear Diagram Showing Chemical Character of Groundwater 
in the Study Area 2007 
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Figure. 7.22 Piper Trilinear Diagram Showing Chemical Character of Surface 
Water in the Study Area 2006 
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Figure 7.23 Piper Trilinear Diagram Showing Chemical Character of Surface 
Water in the Study Area 2007 
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7.8.2 Sodium Adsorption Ratio (SAR) and salinity hazards 
Suitability of water for agricultural purposes can better be assessed by Sodium 
Adsorption Ratio (SAR) because of its direct relation to the adsorption of sodium by soil, 
it is defmed as follows: 
Na 
SAR = 
V(Ca + Mg)/2 
where the concentration of the constituents are expressed in milli equivalent per litre. The 
quality classification of irrigation water as suggested by U.S. salinity laboratory is given 
in Table 7.4. 
Table-7.1: Quality classification of irrigation water (after U.S.S.L., 1954). 
Salinity hazards (E.G. in Alkali hazards (SAR) Water class 
l^ s/cm) 
Excellent 
Good 
Moderate 
Poor 
The electrical conductivity and sodium adsorption ratio are plotted on U.S. 
salinity diagram which gives direct indication of the salinity and alkali hazard. The 
salinity hazard increase as the soils become finer grained and aridity increase resulting in 
the concentration of salt in the soil that may require periodical leaching. Excessive 
sodium content in water renders it unsuitable for soils containing exchangeable calcium 
and magnesium. Diagram (Fig. 7.3) shows that most of the groundwater samples of pre-
and post-monsoon of 2006 belongs to the categories of C2S1, C3S1, C3S2 ,C3S3 and C4S2 
which fails within the zone good water quality, moderate water and bad water class. Only 
< 250 (CI) 
250-750 (C2) 
750-2250 (C3) 
> 2250 (C4) 
<10(S,) 
10-18 (S2) 
18-26 (S3) 
> 26 (S4) 
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three sample having the E.C. value 2000 while surface water shows C2S1C3S1 andC3S2 
class which falls within in the good to moderate quality of water.. 
SOQ 1O0O -1000 AOOB 
Figure 7.24 Plot of SAR values of groundwater during 2006 at study area ( U.S. 
Salinity diagram, (after Richard 1954) 
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Figure 7.25 Plot of SAR values of groundwater during 2007 at study area ( U.S. 
Salinity diagram, (after Richard 1954) 
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Figure 7.26 Plot of SAR values of surface water during 2006 at study area ( U.S. 
Salinity diagram, after (Richard 1954) 
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Figure 7.27 Plot of sar values of surface water during 2007 at study area ( U.S. 
Salinity diagram, after Richard 1954 
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7.8.3 Water Quality Standards for Irrigation: 
Utilization of ground water for irrigationai purpose depends on many factors such 
as texture and composition of soil, type of crop, climate, irrigationai practices and finally 
chemical quality of ground water, with regard to the quality of water for irrigation, the 
major parameters of concern are salinity, dissolved solids, conductivity, toxic trace 
elements and herbicides. Besides, the presence of sodium is also an important parameter, 
the excess quantity of which can deteriorate the soil. High value of sodium may also 
damage the sensitive crops because of sodium photo toxicity - Wilcox (1955) proposed a 
classification based on the Electrical conducfivity, sodium percent and iron concentrafion 
for irrigation water. The sodium % is calculated by the following formula given by Todd, 
1980. 
(Na+K) 100 
%Na = 
(Ca + Mg + Na + K) 
The values of individual constituents are taken in epm. Sodium ions have a 
tendency to be adsorbed by soil collides. Increase of sodium ion contents in water beyond 
50% replaces the ions like Ca + Mg in soil by base exchange. Percent sodium upto 50% 
is acceptable for irrigationai use above which alkalization steadily increases. This will 
support little or no plant growth. The following classification based on percentage 
sodium and electrical conductivity of water for irrigation has been given by the Wilcox, 
1955. The salt present in the water, besides affecting the growth of plants directly also 
affects soil structure permeability and aeration, which indirectly affect plant growth 
(Mohan et al 2000. Umar et al 2000) 
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Table 7.2: Quality classification of water for irrigation (Wilcox, 1955) 
(E.G. in us/cm) Na % Water class 
<250 <20 Excellent 
250 - 750 20 - 40 Good 
750 - 2000 40 - 60 Permissible 
2000 - 3000 60 - 80 Doubtful 
> 3000 > 80 Unsuitable 
The values of percent sodium against EC are compared and plotted on Wilcox 
diagram (Fig. 7.4) of pre and post monsoon ground water samples. The diagram reveals 
that there is variation in the water quality of the area. 14 samples in pre and 16 samples in 
post-monsoon of the water samples fall in excellent to good,23 sampels of pre and 20 
samples in post falls in permissible to doubtful categories 4 samples of pre 5 samples of 
post falls in doubtful to permissible categories, 6 samples in pre 7 samples fall in good to 
permissible and only one samples of pre and post samples falls in unsuitable categories in 
2006 and 12 samples in pre and 16 samples in post-monsoon of the water samples fall in 
excellent to good,22 samples of pre and 18 samples in post falls in permissible to 
doubtful categories 5 samples of pre 6 samples of post falls in doubtful to permissible 
categories. 7 samples in pre 7 samples fall in good to permissible and only one samples 
of pre and post samples falls in unsuitable categories in 2007.In surface water samples 7 
samples in pre and 9 samples in post-monsoon of the water samples fall in excellent to 
good,4 samples of pre and 3 samples in post falls in permissible to doubtful categories 1 
samples of pre 1 samples of post falls in doubtful to permissible categories, 6 samples in 
pre 6 samples fall in good to permissible categories in 2006 and 7 samples in pre and 8 
samples in post-monsoon of the water samples fall in excellent to good,8 samples of pre 
and 6 samples in post falls in permissible to doubtful categories 1 samples of pre 1 
2i^ 
samples of post falls in doubtful to permissible categories, 4 samples in pre 5 samples fall 
in good to permissible categories in 2007 
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Figure 7.28 Plot Of Sodium Percent Vs Electrical Conductivity Of Groundwater Of 
Study Area (2006) (After Wilcox 1955) 
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Figure 7.29 Plot Of Sodium Percent Vs Electrical Conductivity Of Groundwater Of 
Study Area (2007) (After Wilcox 1955) 
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Figure 7.30 Plot Of Sodium Percent Vs Electrical Conductivity Of Surfacewater Of 
Study Area (2006) (After Wilcox 1955) 
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Figure 7.31 Plot Of Sodium Percent Vs Electrical Conductivity Of Surfacewater 
Of Study Area (2007) (After Wilcox 1955) 
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7.8.4 Gibbs variation and Modified Piper Diagram: 
Gibbs (1970) variation diagram has been used to study the mechanism controlling 
water chemistry. It is observed that the water chemistry of the area occupies the field of 
rock dominance in (Fig. 7.) indicating that the major mechanism controlling the water 
chemistry is the weathering of rocks in both pre and post-monsoon water samples in 2006 
and 2007. 
Modified piper diagram (Chadha, D.K., 1998) have been used for a suitable 
classification of natural water and also study their geochemical behaviours and anion 
concentration decribablewithin define composition categories (Ophari and Toath, 1989). 
In the modified piper diagram (Fig. 7.6), the difference in percentage between alkaline 
earths (calcium and magnesium) and alkali metals (sodium and potassium) in terms of 
percentage reacting values is plotted on x-axis while the difference in percentage between 
weak acidic anions (carbonate and bicarbonate) and strong acidic anion (chloride and 
sulphate) in the terms of percentage reacting values is plotted on y-axis. For representing 
the primar> character of water, the rectangular field is subdivided into sub fields each 
representing different water type. It is observed from the Fig. (7.) the majority of the pre 
and post monsoon of groundwater and surface water samples in 2006 fall in the sub 
field-7 represent alkali metal exceeding alkaline earth and strong acid exceeding weak 
acid such water will have salinity problem both in irrigation and domestic type. The field 
7 represent Ca-Mg CI type second dominant field 8 shows alkali metal exceeding alkaline 
earth and weak acid exceeding strong acid such water imparts residual sodium carbonate 
hazards in irrigation use and would caused foaming problem in boiler this field 
representing Na- SHC03 type of water and field 6 indicating temporary and permanent 
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hardness respectively. Same positions have been observed in groundwater as well as 
surface water in 2007. 
the majority of the pre and post monsoon of groundwater and surface samples in 
2007 fall in the sub field-7 represent alkali metal exceeding alkaline earth and strong 
acid exceeding weak acid such water will have salinity problem both in irrigation and 
domestic type. The field 7 represent Ca-Mg CI type second dominant field 8 shows alkali 
metal exceeding alkaline earth and weak acid exceeding strong acid such water imparts 
residual sodium carbonate hazards in irrigation use and would caused foaming problem in 
boiler this field representing Na- HC03 type of water and field 6 indicating temporary 
and permanent hardness respectively. Same positions have been observed in groundwater 
as well as surface water in 2006 and 2007. 
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Figure 7.32 Chemical Data For Groundwater Plotted In Accordance With The 
Scheme Of Gibbs (1970) 2006 
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Figure 7J3 Chemical Data For Groundwater Plotted In Accordance With The 
Scheme Of Gibbs (1970) 2007 
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Figure 7.35 Chemical Data For Surfacewater Plotted In Accordance With The 
Scheme Of Gibbs (1970) 2007 
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Figure 736 Modified Piper Digram Showing Geochemical Classification Of 
Groundwater 2006 (After Chadha, 1998) 
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Figure 7.37 Modified piper digram showing geochemical classification of 
groundwater 2007 (After Chadha, 1998) 
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Figure 7.39 Modified Piper Digram Showing Geochemical Classification Of 
Surfacewater 2007 (After Chadha, 1998) 
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7.9 Hydro chemical characteristic of Groundwater: 
A number of x-y plots were prepared for deciphering various chemical alteration 
trends of ground waters and identifying the processes involved in the acquisition of 
distinct chemical characteristics. 
Alkalis are distinctly far more abundant than Ca"^ and Mg^ "^  in both the sets of 
samples (Fig.7.40 & 7.45.). The HCO3" versus Cr+S04" plot (Fig.7.41&7.46) tends to 
classify the groundwater in the study area in two groups, i.e. (i) HC03"> Cr+S04" and (ii) 
Cr+S04"< HCO3". Both the plots further indicate that chemical differences between pre 
and post monsoon sets of samples are relatively trivial. 
The natural tendency between cations and anions to form ionic complexes has 
been tested Na"+K^ and CI" (Fig.7.42 &7.47) and Ca^+Mg^^ and HCO3' (Fig.7.43 
&7.48). Without depicting any noteworthy change in concentration levels recorded in pre 
and post monsoon samples, the majority of the samples plot below 1:1 line on alkali 
versus CI" plot implying surplus Na^ ion over and above those used up in Na-CI bonding. 
Relative abundance of Na"^  ions is also implied in molar Cl'/Na^ ratios averaging around 
0.25. Na behaves like conservative elements as it is not used up in biological processes 
and also as an non-conservative elements as it gets fixed in clay mineral formation by ion 
exchanges (Subramanian and Sexena 1983). 
The Ca^^Mg^^ and HCO3" plot (Fig.7.43 & 7.48) depict a moderately good 
correlation for about 58% of all pre and post monsoon samples. Nevertheless, there is 
considerable scatter in the plot due to relative preponderance of HCO3", and this when 
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viewed in the ligiit of relative abundance of alkali over Ca"^ ^ and Mg"^ "^  (Fig.7.40 & 7.45) 
and evidence for surplus Na^ ions (Fig.7.42 & 7.47) implies that in a considerable 
number of samples Na-HCOi may be the most dominant ionic complex. This unique 
chemistry acquired is because of ion-exchange reactions. The reactions that oxidize 
organic matter generate CO2 as a product. This CO2 is redistributed among H2CO3, 
HCO3' and CO3". In aquifers where Ca^ "^ , and Mg^"*^  are exchanged in to clay minerals for 
Na"^ . the possibility exist for carbonate dissolution and even higher HCO3' concentration. 
With CO2 generated by redox reaction (in the upper humic zone of aeration), ion 
exchange and carbonate dissolution, the water will evolve to a Na-HC03 type (Domenico 
1997). 
The ions exchange reactions are favoured by clay layers. The Na-S04-HC03 type 
facies is more evolved species of ion exchange reaction. The presence of calc-concretion 
(kankar) could favour the weathering processes. 
One of the characteristic features of the groundwater from the study area is its 
relative enrichment in S0"'4 . Processes such as oxidation of sulphides and dissolution of 
gypsum (Valdiya 1980 and Chakrapani 2005) are not inferred to play a significant role in 
acquisition of sulphate ion by the groundwater of the area when the geological setup of 
the area is taken into consideration. That dissolution of gypsum (either naturally 
occurring as gypsite in some parts of Indo-gangetic plains or that used as a fertilizer) has 
almost no role to play in determining the concentration in groundwaters of the study area 
is also borne out by Ca-S04 plot (Fig.7.44 & 7.49), 
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which depicts overwhelming abundance of S0"4 compared to that of Ca"*^ .^ The 
dissolution of kankar by sulfuric acid, produced through SOx emission dissolved in rain 
from industrial emissions and effluents (Kumar et al 2006). 
7.10 Chemical Classification of Ground waters: 
Based on relative abundances of anions, groundwater of the study area may be 
classified into four major types. Again, based on concentration levels of cations they may 
be further divided into groups. In the order of decreasing abundance, the four major types 
of groundwater in the area are: 
I. HCO3-SO4 type 
l)Na-HC03-S04 
(2) Mg-Ca-HC03-S04 
II. Cl-S04type 
1) Na-CI-S04 
2) Mg-Ca-S04-Cl 
III. HCOjtype 
l)Na-HC03 
2) Mg-Ca-HC03 
IV. SO4 type 
l)Na-S04 
2) Mg-Ca-S04 
About 50% of the samples analysed belong to type 1 and 35% to type II. Type III 
samples constitute 10% of the total and type IV, the least abundant constitute only 5% of 
the sample analysed 
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7.11 RESIDUAL SODIUM CARBONATE 
Eaton (1957) suggested that the excess sum of carbonate and bicarbonate In 
groundwater over the sum of calcium and magnesium also influences the suitability of 
groundwater for irrigation. 
RSC = {CO;- + HCO;-) - {Ca^^ +Mg**) 
where the concentrations are reported in meq/1. Water with RSC below 1.25 is good, 
1.25-2.5 is marginal and above 2.5 is not suitable for irrigation purposes. The 
classification of irrigation water according to the RSC value is presented in Table 7.4. 
Table 7.3 Quality of groundwater based on residual sodium carbonate 
RSC (meq/1) 
<l.25 
1.25-2.5 
>2.5 
Remark on quality 
Good 
Doubtful 
Unsuitable 
2006 
Representing samples 
46 45 
4 5 
0 0 
2007 
Representing samples 
44 47 
6 3 
0 0 
If RSC > 2.5. irrigation water may cause formation of salt peter (KNO3), locally known 
as Reh. 
IM VERTICAL DIFFERENCES IN WATER QUALITY 
Differences in vertical variation in water quality parameters are influenced by the 
soil profile and can complicate investigation of water quality by necessitating parameter 
measurements at depth. Statements of criterion concentration, vary to surface water to 
groundwater in an aquifer are usually based on simultaneous measurement at depth. This 
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would require depth integration samples. In this investigation, the surface water and 
groundwater were considered as a proxy for the relative depth of sampling. 
The concentrations of major ions and trace elements were studied to identify the 
possible relationship with surface to groundwater. The diagram (7.50 a, b, c, d ) reveals 
that the concentration of chemical constituents are more in groundwater aquifer except 
chloride as compared to surface water thereby indicating somewhat increasing trend with 
increasing depth. Higher concentration of major ions at a depth may be due to control by 
geogenic. (evapo-transpiration process, and soil water interaction depending upon 
topographic condition, residence time of water with the aquifer materials and intensive 
and long term irrigation practice ) and anthropogenic (fertilizers and sewage waste) 
activities, that cause such variations in the local and regional hydrochemical processes, 
resulting in differences in groundwater quality from place to place ( Subba Rao and John 
Devadas. 2003). 
7.13 SPATIAL VARIATION IN WATER QUALITY AND SOIL 
The physical and chemical heterogeneity, permeability, thickness of layers and in 
sediments mineral composition, are the main factor for spatial variation in groundwater 
quality. Other factors responsible for spatial variations are infiltration, water composition 
and quantity of water. These caused by variations in precipitation, forming practices and 
local variation at liland surface in terms of pounding, woody vegetation and water 
movement in Macropores (Bjeig and Christensen, 1992). 
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The results of major ions analysis of groundwater, surface water and soil samples and 
major ions profile of water and soil samples show that a wide spatial variation may be 
due to physical chemical heterogeneity in hydrogeology of the area and in sediment 
mineral composition. It is evident that element concentrations in the water samples 
are more than recorded in soil samples except calcium, magnesium and sodium i.e. 
most dominant elements in soil samples. 
Water profiles of major element do not show any distinct trend. Relatively 
higher values of Calcium, magnesium and Sodium (181.4mg/l, 122.3mg/l and 
516mg/l in 2006, 201mg/l,124.6mg/l and 505mg/l in 2007) in soil compare to surface 
water, groundwater which may be due to kankar and sih. Relatively higher value of 
Sulphate, Bicarbonate, carbonate and potassium (486mg/l, 378mg/l, 146mg/l in 2006, 
516mg/l, 386mg/l and 162mg/l, 112mg/l ) in groundwater compare to surface water 
and soil.which may be due to geogenic process and lithologic condition, one element, 
chloride has higher value in surface water as compare to groundwater and soil, 
probably due to anthropogenic activities 
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SUMMARY AND CONCLUSION 
Water is the most valuable intake necessary for the survival of life on earth. 
India has about 16% of the world population but only 4% annual runoff in the river of 
plant The utilizable water resource of India 69 Million hectare meter from surface and 
43.2M ham from ground water resource or total of a 112.2 m ham. Per year because 
of rapid industrialization, population and agricultural growth, the demand of water has 
been increased in many folds. With new materials to make our life is more 
comfortable, but at the same time pollutes the surface and groundwater unless 
appropriate prevention measures are taken Environment is an all encompassing term 
embracing atmosphere, hydrosphere and lithosphere. The biotic component of 
environment is totally dependent for its existence on these three cornerstones. The 
lithosphere comprises rocks in all its manifestation including micro to global scale 
geological structures and soils which are basically derived from the rocks. The 
geological processes operating over many millennia have shaped the landscape 
(geography and geomorphology) all over the world and in which all terrestrial living 
being reside. The hydrosphere encompasses surface water of all description including 
the polar caps._glaciers, oceans, surface and groundwater, which constitutes the 
habitate of all aquatic life forms. 
The environment is the sum of all external influences and conditions affecting 
life and development of organism. The intensity of man's activities, diversity and 
magnitude of different types of waters introduced into the environment are increasing 
at an alarming rate. Environmental pollution is generally referred as the unfavorable 
alteration of our surroundings and occurs mainly because of the action of the men. 
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Environmental pollution take place through changes in energy patterns, radiation 
levels, physical and chemical constitutions and abundance of organism. 
Water is among the most essential requisites that nature provides to sustain hfe 
for plants, animals and humans. The total quantity of fresh water on earth could 
satisfy all needs of the human population, where, it evenly distributed and accessible 
(Bobba et al. 1977). The availability of water resources has been the essence for 
establishment and growth of human population. This developmental activity of human 
being with time led to establishment of industries around the water resources which in 
turn attracted more population, as a result of this cycle. 
The rapid pace of urbanization, as well as agricultural activities has made 
environmental pollution a growing concern globally. The most important cause of 
groundwater pollution is unplanned urban development without adequate attention to 
sewage and waste disposal. Indiscriminate disposal of both hazardous and non-
hazardous industrial water has further aggravated problems associated with water 
resource for drinking and irrigation. The deterioration of groundwater quality due to 
industrial effluents and municipal wastes in the study area is a live example. The 
waste generated by anthropogenic activities has not only polluted the environment as 
a whole but had a particular detrimental effect on the quality of aquato-envision too. 
The study area is the industrialized irrigational districts adjoining Ganga-
Yamuna river. There are a number of industries manufacturing electrical goods, 
general engineering equipments, transport and agricultural implements, chemical 
industries. Electro plating, leather, rubber, tyre, paper, plastic and other products. 
Apart from industrial growth there has been remarkable development in the field of 
agriculture. This development in industrial and agricultural sector has resulted in the 
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o\er exploitation of groundwater and deterioration of both surface and sub-surface 
water quality in the research area. 
The study area falling under the National Capital Region is densely inhabited 
belt of the India. The anthropogenic processes including the rapid urbanization 
(settlement of colonies) and industrialization (growth of major and minor industries) 
have been taken place in an around study area. Besides this, causes of floods and their 
impact on envirormient, water logging problems, and degradation of water quality due 
to effluent discharge form various industries in the natural water system are some of 
the environmental problems associated to the study area. The interference with the 
environmental system has resulted in a series of imbalance leading to severe 
environmental degradation. 
The technological advancement in the drilling activities, better development 
of pump sets, reduction in cost and availability of energy have led to a massive 
ground\\ater development. This has resulted in the decline of water levels at many 
places. Water logging condition also occurs in the area. The area of investigation 
forms the central part of Ganga Yamuna interfluves which is bounded on the north 
east by the eastern margin of Kali river and south west by the western upland 
respectively. Apparently, the area appears as a vast level expose but on closer look, it 
represents a remarkable diversity of physical feature like upland, low land, abandoned 
channel and active channels of the Ganga and Yamuna rivers respectively. The area 
has a regional slope from north west to south east which ranges from 191.0 m.am.sl. 
in the north west to 179.0 m.am.sl. in the south east giving an average fall of 0.2 m / 
km which governs the natural drainage in the area. On the basis of physical features, 
the stud}' area has been divided into three distinct physiographic units. 
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1. Eastern upland, 2. Central low land and 3. Western upland 
Geomorphologically, Gangatic plain shows on south to south easterly sloping 
planer surface with northern part formed due to contraction and expansion of alluvial. 
Fans in response to climate changes during Quaternary period (Ghose and Singh, 
1988). The classical literature on the Ganga alluvial plain gives a very generalized 
idea about the geomorphic feature of the Ganga plain (Oldham 1917, Pascoe 1917, 
Pilgrim 1919) defining two morphostratigraphic units namely older alluvium which 
forms the higher interfluves area and newer alluvium which forms the deposits of 
major active river channels. 
Geomorphologically, the area comprises Palaeo-plain of the Ganga in the east 
and Varanasi Older Alluvium Plain in the west, with Aligarh Older Alluvium Plain 
and Recent Flood Plain of tributaries of the Ganga and Yamuna Drainage system 
occupying the area in the middle (Fig.2.1, 2.2, 2.3) generally referred as central 
depression. 
The Varanasi Older Alluvial plain represent the remnant of a planner surface 
and occupies major portion of the area. Extensive agricultural, activity in being 
carried out this surface. Aligarh Older Alluvial Plain represents channel fill of a north 
flowing palaeo-drainage system. The terrace zone identified by their linear pattern and 
continuous development at a level higher than present river channel. It represent the 
palaeo flood plain of Ganga river in the eastern part. The boundary between the 
VOAP( Varansi Older Alluvial Plain) and the terrace zones is demarcated on the basis 
of total \'ariation and land use pattern. Terrace zones are further followed by the 
Recent Flood Plain of Ganga river which is identified by its medium to bright low and 
irregular shape. 
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Kali comprises the main drainage system in the study area flowing towards southerly 
direction turning gradually in the south to south-eastward direction between Barauli 
Kasganj and Jalesar. These stretches are highly braided and show profuse 
development of anastomosing channels. The change in the trend of the river may 
possibly due to steepening of the slope of the river. Denudational processes are 
another significant agency engaged in sculpturing the land forms. The closely spaced 
intersecting joints help in the percolation of water resulting in leaching of cementing 
material, leaving behind a gritty and coarse quartzite. The close spaced joints and 
weathering through exfoliation and subsequent widening of joints by water action 
could have resulted in the occurrence of large ferrugenous boulders over the parent 
outcrop. 
The Upper Ganga Canal, which makes the southwestern boundary mainly, 
recharges groundwater bodies of the study area only during flood period. During the 
heavey monsoon, the subsurface drainage gets reactivated in such saturated areas 
causing flooding and inundation in the area. The Upper Ganga Canal is draining to the 
central portion of the area. The eastern and southeastern portion is dominated by the 
presence of Kali River. Besides these, the surface water bodies are also responsible 
for the recharge of the aquifers and their concentration is found more in northern 
portion. The major source of the recharge of the ground water bodies in the upper 
Ganga canal which flows through Noth west to south east direction of study area. 
Climatically, the area enjoys a subtropical climate punctuated with severe 
summer and moderate to cold winters. The summer season starts by mid March and 
last up to mid or late .Tune when monsoon sets in over the area. In the month of May, 
the temperature shoots up to 46"C, however the mean maximum temperature ranges 
249 
around 42"C and mean minimum around 18"C. the relative humidity falls to as low as 
36% during April. With the onset of the monsoon by mid or late June, reversal of 
minds direction takes place due to development of low pressure area over the north 
western India. The humid oceanic current from the Arabian sea, blowing over the 
peninsular India and Bay of Bengal, get further completely filled with moisture while 
passing the later area and brings temperature down. The air then becomes cool, thus 
heralding the rainy season. The mean monthly temperature is lowered to 31°C in July, 
the relative humidity increases up to 83% during the active monsoon period. July and 
August are the wettest months. The rainy season up to end of September. The area 
receives up to 80%) of rainfall during this period under the influence of south westerly 
monsoon. The winter season started by mid or late November. During the winter 
season, the coldest months are December and January. In these months the mercury 
plummets to as low as 4°C, whereas max temperature during the winter rest around 
2r'C. The prevailing winds direction during the season is from north west to south-
east. These winds are of continental origin and are mostly dry. The average speed of 
the wind is 9.3 km/h. 
The hot spell is followed by the onsets of monsoon which breaks around the 2" 
week of June ever year. The area receives rainfall mainly from south west monsoon 
during the months of June to September. However, heavy precipitation takes place in 
the month of July and August and monsoon recedes in September. The average annual 
rainfall for the kali-sengar sub-basin is 754.12 mm. 
According to Singh (1989) the Gangetic plain is a part of active foreland basin 
(peripheral type) developed on the under thrusting Indian plate, in response to the 
thrust fold belt loading in the Himalayas. Further, Singh and Ghosh (1988) an Singh 
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(1989) opined that during thrust-fold loading tectonics in the Himalaya, the Son-
Narmada lineament much to the south of the foreland basin was reactivated, causing 
uplift of Bundelkhand-Vindhyan plateau and development of northerly slope (Fig. 
3,5). 
The rate of subsidence of the old, rigid and cold crust of Indian shield was 
also low and sediment input by rivers high, so that no marine transgression of 
Neogene-quaternary time could enter into this foreland basin. The deep drilling data 
of the O.N.G.C. is contrary to this view of Singh, as the deposits of Neogene 
sediments are reported from all over the Ganga basin (Sastri, 1971; Rao, 1973). 
The exact thickness of the alluvium has not been ascertained, but recent 
gravity, magnetic and seismic explorations show that it is variable from less than 
1000 to over 2000 meters. Geologists differ in their estimates about the thickness of 
the alluvial deposits. However, the drilling carried out by O.N.G.C.(OiI and Natural 
Gas Commission) have yielded stratigraphic informations pertaining to the sub-
surface geological framework which indicates the presence of upper Vindhyans 
below the Siwaliks. 
The study area under review is the part of Central Ganga basin and lies in 
the Central portion of the Ganga- Yamuna interfluves. Exploratory drilling arried out 
byOil and Natural Gas Commission (ONGC)in the search of petroleum and Central 
Ground Water Board (CGWB) in search of grounwater led determination of 
subsurface geologic sequence and its topography during the last four decades. 
The drilling operation by the Central Ground Water Board (CGWB) in 
Aligarh District encountered the bed rock at varying depths. The exploratory well 
drilled at Aligarh club compound close to Aligarh railway station in June 1976, 
encountered Uppar Bhander Shale at the depth of 340 mbgl.Beside in an 
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exploratorywell drilled by CGWB,the Uppar Bhander sandstone which overlies the 
red shale was encountered at Saleempur, 20Km south-west of Aligarh city at the 
depth of 286.36 mbgl. Moreover, the same red shale was touched at Hathras almost 
33km south of Aligarh city at depth of 365 m bgl. The drilling at Kasganj by Oil nad 
Natural Gas Commission (ONGC) near the right bank of Ganga encounterd Lower 
Bhander limestone at depth of 620 mbgl and Bundelkhand granite at a the depth of 
2061 m bgl which very well established the sequence of rock formation from the 
basement of Quaternary alluvium. 
At a glance stratigraphic sequence of geological formation shows that the 
Bundelkhand Granite forms the basement complex which is conformably overlain by 
lower Bhander limestone and sandstone and further followed by the Upper Bhander 
shale and sandstone. Thereafter Upper Vindhyan were put to erosion for about 
500MY and in the crake of final phase of the Himalayan orogeny during the Upper 
Pliocene period a trough was created between peninsula and the Himalayas which 
became the site of the deposition of the Quaternary sediments leading to the present 
configuration of the Ganga basin 
Fence diagram technique is adopted for the study area to analyses the 
hydrogeomorphological condition in its vertical and lateral horizons simultaneously, 
aquicludes and aquitardsin the study areadown the depth of 92.0 metre b.g.l. A 
persual offence diagram shows that in all there occurs two to three tier aquifer system 
down to depth of 92.0m.b.g.l. The diagram is used to know the sub surface geology of 
the area. It gives a three dimensional view of the litholoical variations. A reliable 
estimate can be made of the areal extent, depth and type of aquifer. Fence diagram 
also pro\'ides an assessment physical characteristics and water yielding potential of 
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the aquifer. This information can be used to correlate the utiUty of the aquifer to the 
water requirement for a specific design purpose. 
hi northeast portion of the study area the aquifers appear to merge with each 
other and behave as a single bodied aquifer system with the maximum thickness of 
37.78 meters.Comprising fine to medium to coarse sand occasionally mixed with 
kankar. It appears to be the channel deposits of the hydrodynamics of river. It is also 
confirmed by the section A-A'and B-B', which shows that the clay beds occur simply 
as a lensoid body .The depth of shallow aquifer ranges between 2.9m.b.g.l. to 22.2 
m.b.g.l.. The minimum depth of shallow aquifer is 2.9 to 8.0 m.b.g.l. in north part of 
study area,while maximum depth of shallow aquifer is 22.2 m.b.g.l. at Mohanpura in 
the eastern part of the study area. The shallow aquifers are under the water table 
conditionwhile the deepar aquifers have been identified as leaky confined in 
character. The deepar aquifer behaves as a single bodied aquifer. The shallow and 
deepar aquifers are seprated with clay beds intermixed with silt and kankar with 
serves as aquitard. 
From east to west side the clay beds gradually start attaining thickness and 
occur in repeated alternation with the granular zones. The percentage of granular zone 
is around 40 to 50% and it appears to be the flood plain deposit. It is also revealed by 
hydrogeological sections which alternate sand and clay beds where the clayey horizon 
gradually pinch out. Similar position is observed in the central part of area too. The 
most peculiar subsurface hydrogeological set up is found in the study area where the 
clay pre-dominates over the sand. The granular zone here comprises 30 to 40% of 
total lithounits. These appear most probably as back swamp deposits which also 
possess the quality problem, and pre-monsoon (2006,June) the depth of water ranges 
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3.7 to 21.3 meters below ground level. While June2007 it ranges between 3.5 to22.2 
meters below the ground level (b.g.L). The area has been divided in to 10 depth to 
water level zones varying from 1) up to 4 (2) 4-6 (3) 6-8 (4) 8-10 (5) 10-12 (6) 12-14 
(7) 14-16(8) 16-18(9) 18-20 (10) more than 20 meters below the ground level. 
The deeper levels viz 21.6 and 22.2 m.b.g.l. were recorded at Mohanpura 
village in June 2006 and 2007,respectively while shallowest water level viz 3.land 
3.5 m.b.g.l. were recorded at Jawan town adjacent to the Upper Ganga Canal in the 
2006 and 2007, respectively. 
A perusal of maps shows the depth of water level is increasing towards 
eastern upland along the Kali river where it ranges 8.4 tol8.2 m.b.g.l.at Sikandra Rao 
and western part of the study area depth to water level ranges 5.9 to 16.4 m.b.g.l. 
In the vicinity of upper ganga canal , the depth to water level is generally 
shallow which ranges less than 4 to 16.3 m.b.g.l. Patches have been demarcated 
water logged area around Jawan, Ukhlana, Barauli Harduaganj where water level 
ranges between to 3 to 6 m.b.g.l. which is the resultant effect of the quantum of 
seepage that has been taking place ever since the commissioning of upper ganga 
canal. The excessive seepage is taking place through the unlined canal beds and 
consequently the general water level in the area proximal to the canal has 
progressively been rising. 
A perusal of figure shows that during November 2006 and 2007, the 
shallowest water level is recorded at jawan i.e. 3.7 and 2.9 m.b,g.l. while deepest level 
i.e.21.6 and 20.1 m.b.g.l.were observed at Mohanpur village at eastern side of study 
area. 
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Shallow water level leading to swampy condition during and after monsoon 
season is characteristics features along upper ganga canal command areas.shallow 
water zone lie along upper ganga canal with ranging ranging less than 4 to 8 m.b.g.l. 
the post monsoon depth to water level map of 2007 does not show any significant 
difference. This is caused due to the deficient rainfall. 
In study area at Atrauli value of transmissivity comes in order to 810.989 
m /^day and the hydraulic conductivity is 28.922 m/day while at Jawan site 
transmissivity 522.29 m / day storativity 1.13 x 10" and hydraulic conductivity 
37.31 m/day and at Sikandra rao site the transmissivity 503 m /day, storavityl,34x 
10" and hydraulic conductivity 18.64 m / day. 
According to the estimation, the utilizable groundwater resource potential of 
the Kali Sengar sub-basin is 29566.0 ham, out of which 15023.96 ham net draft is 
already being extracted for domestic and irrigational needs and 14542.04 ham is 
a\ailable for further development. 
In view of 50.81% of groundwater development, there is sufficient 
groundwater surplus available for further development in the sub-basin which can be 
utilized through the construction of about 100 deep tube wells with pumping rate of 
70-120 m^/hour at a drawdown varying between 4 to 6 meters. Besides it, about 1000 
shallow tube wells having discharge of 15-25 m /hour at an economic drawdown may 
also be constructed in a phased manner over a period of 5 years, observing the effect 
of groundwater development and water level trend from time to time. This will create 
an additional irrigation potential in the sub-basin. 
The rapid industrialization, urbanization and anthropogenic activity in the 
stud} area have caused environmental degradation of land, change in ecological 
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balance, rapid increase in environmental pollution and decline in the available natural 
resources of the region. Environmental impact due to brick kilns, mining, water 
logging, canal induced seepage and also because of shallow water table, flooding 
during heavy rain fall, poor drainage system and unplarmed development of 
unauthorized colonies near the flood plains. 
A large number of industries located in the area discharging their 
effluents without proper treatment into the Kali river and the solid waste from the 
factories in the depression, consequently polluting the surface and sub surface water. 
The pollutants generated from these sources more primarily downwards from the 
surface through unsaturated zone and solute undergoes only a small degree of 
horizontal displacement. As soon as the pollutant reaches the saturated zone, it 
follows the direction of groundwater flow and spreads over a large area in ground 
water system. Ground water occurs under semi-confined to confined condition. 
The chemical quality of water in parts of Kali- Sengar river sub basin has been 
taken up from the analysis of 200 ground water samples and 80 surface water samples 
for the study to evaluate it suitability for irrigation and drinking purposes. In general, 
the groundwater is alkaline in nature and overall salinity of water in the area is 
generally high. 
The pH value of the pre-monsoon ranges from 6.2-9.6 with an average of 7.89, 
and in post-monsoon 6.1 to 9.6 with an average of 7.8, thereby showing alkaline 
nature of water. Electrical conductivity is high in the study area with a range of 150-
2800 (.iS/cm. The higher concentrations of TDS (WHO, 2003) have been recorded 
from Barla (HOO mg/L) Sasni Railway Station (1365 mg/1,) Sikandra Rau (1495 
mg/L ) and Maho (1235 mg/L) Kasganj (2015mg/Lj Pilakhana (1365mg/L ) in 
premonsoon 2006 while Sampling site 19, 25, 33, 34, 35, 37, 38, 39, 43, 48 and 49 
256 
have recorded higher concentration of TDS by WHO (2003) permissible limit. Water 
with high concentration of TDS is laxative effect on people. 
The hardness of groundwater in the study area ranged from 214 to 624.74 
mg/L (pre-monsoon 2006) and 192 to 576.23 mg/L (pos-tmonsoon 2006) and 
hardness of groundwater in the study area ranged from 227 to 599 mg/L (pre-
monsoon 2007) and 206 to 528 mg/L (post-monsoon 2007).while the concentration of 
surface water rangesl83.83 to 618.81mg/L (premonsoon 2006), 174.89 to 564.98 
mg/L (postmonsoon 2006) while 206 to 607 mg/L (pre-monsoon 2007) and 182 to 
558 mg/L (post monsoon 2007). All sampling site in 2006, 2007 of groundwater have 
more value than highest desirable limit (200mg/L, lOOmg/L) of WHO 2003 BIS 1991 
while in surface water, except I and 2 sampling site, all have more value than highest 
desirable limit of WHO 2003, BIS 1991. 
The Chloride of groundwater in the study area ranged from 86 to 468 mg/L 
(pre-monsoon 2006) and 74 to 450 mg/L (pos-tmonsoon 2006) and chloride of 
groundwater in the study area ranged from 108 to 475 mg/L (pre-monsoon 2007) and 
110 to 480 mg/L (post-monsoon 2007).while the concentration of surface water 
ranges 98.4 to 261.8 mg/L (premonsoon 2006) 92.4 to 250.3 mg/L (postmonsoon 
2006) while 104 to 282 mg/L (pre-monsoon 2007) and 92 to 265 mg/L (post monsoon 
2007). Some sampling site in 2006. 2007 of groundwater and surface water have more 
value than highest desirable limit (250mg/L, 200mg/L) of WHO 2003 BIS 1991 
The Calcium of groundwater in the study area ranged from 30.5 to 88.9 mg/L 
(pre-monsoon 2006) and 28.2 to 85.8 mg/L (pos-tmonsoon 2006) and calcium of 
groundwater in the study area ranged from 32.2 to 90.2 mg/L (pre-monsoon 2007) 
and 30.2 to 85.8 mg/L (post-monsoon 2007).while the concentration of surface water 
ranges 28.4 to 83.4 mg/L (premonsoon 2006) 22.6 to 78.3 mg/L (postmonsoon 2006) 
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while 30.5 to 82.9 mg/L (pre-monsoon 2007) and 25.6 to 78.4 mg/L (post monsoon 
2007). Some sampling site in 2006, 2007 of groundwater and surface water have more 
value than highest desirable limit (75 mg/L,) of WHO 2003 BIS 1991 
More than highest desirable value of Sodium (Na) (200mg/L) WHO, 2003 
have been recorded at sampling site 4, 8, 13, 16, 17, 18, 19, 20, 24, 25, 26, 27, 28, 29, 
30, 32, 33, 34, 36, 37, 38, 39, 40, 41,42, 43, 49, 50 in 2006 and 2007 while in surface 
water have recorded more value at the location 12, 19 and 20 in 2006, 2007. 
Concentration of sulphate (SO4) in the groundwater of area ranged from 68 to 
486 mg/L in pre-monsoon and 56 to 468 mg/L in post-monsoon 2006. while 
Concentration of sulphate (SO4) in the area ranged from 70 to 516 mg/L in pre-
monsoon and 49 to 504 mg/L in post-monsoon 2007 WHO, 2003 have prescribed 
highest desirable limits of SO4 is 200 mg/L. while concentration of sulphate (SO4) in 
the surface water of area ranged from 135 to 440 mg/L in pre-monsoon and 122 to 
422 mg/L in post-monsoon 2006. While Concentration of sulphate (SO4) in the area 
ranged from 165 to 482 mg/L in pre-monsoon and 150 to 476 mg/L in post-monsoon 
2007. 
The higher values potessium have been recorded at location 1,4, 5, 6, 7, 9 
10.11,12,13,14,15,16,17,18,19,20,21,22,23,25„27,28,29,30,31,32,33,34,35,36,37,38, 
39.40.4l,42,43,44,45„46,47,48,49,50.The maximum permissible limit of potassium is 
12 mg/L and 15 mg/L (WHO, 2003) (BIS 1991). The depletion of potassium may be 
as a result of reaction with clay minerals. The source of potassium contamination in 
groundwater is mainly rain water, and also the use of potash fertilizer, and surface 
water for irrigation practices. 
The higher concentration of fluoride by highest desirable limit (1.0 mg/L) 
WHO (2003) and BIS (1991) at the location 2, 3, 4, 5, 9, 10, 11, 12, 13, 14, 16, 17, 
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18. 19. 20, 21, 22, 26, 27, 28, 29,30,31,32,33,34,35,36,37,38,42,43,44,45,46,47,48,49 
and 50 .High value of fluoride in the study area are attribute mainly to the presence of 
tluor- apatite and usage of phosphoric fertilizers, which are being leached down to the 
saturated zone by return irrigation flows (Handa, 1975).The main source of fluoride in 
groundwater is fluoride salts used in industries manufacturing steel, aluminium, glass 
etc. phosphate fertilizers often contain F - as an impurity and are used extensively in 
area. These may cause an increase in fluoride content in soil, and when leached, 
results in enrichmentof the fluoride content in groundwater. Fluoride bearing minerals 
such as apophyllite, phlogopite, illite, hydromuscovite and biotite are generally found 
in clay dominant soil ( Rai 1996). As the aquifer in the area comprise alternate beds of 
sand, gravel and clay, some quantity of fluoride may also be contribute from 
hydration of the above minerals present in clay horizons (Zaheeruddin, 2004). 
Nitrate is most common form of nitrogen that occure in surface and 
groundwater (Kacaroglu and Gunay 1997). It represents the oxidized end product of 
nitrogen cycle of atmosphere, vegetation, upper soil and soil water zone ( Favara et al 
2000). In groundwater and surface water nitrates contents are within the desirable 
limits (50 mg/L) as recommended by WHO 2003 with a few exceptions ( sampling 
site 16,17,25,32,38,40,42,44). Decomposition of soil organic matter, leaching of 
soluble synthetic or chemical fertilizers (particularly N- fertilizers), human and animal 
excreta (Hill 1982 ), and site sewage diposalin septic tank (Aravena and 
Robertson 1998) are potential source of nitratein groundwater. Since the area is highly 
populated, industrially and agriculturally developed, the sewage animal wastes, and 
use of fertilizers are the chief sources of nitrate in the groundwater of the area. 
N4agnesium content of water ranged from 28.6 to 101.4 mg/L in pre and 24.8 to 
92.8 mg/L in post-monsoon with an average of 51.65 mg/L in pre and 53.41 mg/L in 
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post-monsoon in 2006. Magnesium content of water ranged from 25.7 to 103.2 mg/L 
in pre and 26.67 to 93.8 mg/L in post-monsoon with an average of 53.48 mg/L in pre 
and 50.4 mg/L in post-monsoon 2007. In other pari of the area Mg contents are less 
than 30 mg/L. (sampling site 6 in pre 2006 and2007 and at 3 and 5,23 in post 2006 
2007). Magnesium deficiency is associated with structural functional changes and 
may cause severe diarrhea, chronic renal failure and protein-caloric malnutrition 
(WHO, 2003). 
The higher values of Iron have been recorded at all the location of 
groundwater as eell as surface water (0.3 and 0.1 mg/L) (WHO, 2003) (BIS 1991). 
The higher concentration of manganese by highest desirable limit (0.4, 0.05 
mg/L) WHO (2003) and BIS (1991) at all the location except 19,24,and 27. 
In the study area lead (Pb) concentration in ground water are generally high 
with afew exceptions (e.g. 1,6,8,14,15,16,24,25,26,30,31,35,37,38,40,41,42,43,44). 
The maximum permissible limit of lead (Pb) 0.1 mg/L as reported by (WHO, 2003). 
The concentration of cadmium (Cd) in groundwater as well as surface water in 
the study area recorded in 2006, 2007 exceed the highest desirable limit of WHO, 
2003 (0.003 mg/L) but in the areas close to the industrial area, the concentration of 
Cadmium (Cd) exceeded the permissible limit (0.01) of WHO, 2003. The major 
source of cadmium (Cd) in the study area are effluents of industries connected with 
electroplating, copper and nickel alloys, paints, nickel-cadmium batteries etc. 
The concentration of chromium (Cr) in groundwater as well as surface water 
in the study area recorded in 2006, 2007 exceed the highest desirable limit of WHO, 
2003 (0.05 mg/L). 
The chemical analysis of ground water as well as surface water for heavy 
metals revealed that some of the toxic metals (Cd,Cr,Pb fe Mn and Co) are more then 
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the concentration of WHO (2003) permissible limit. The wide spread practice of 
dumping raw sewage in shallow soak pits has made apprehension of pollution of 
ground water in the area. Abnormally higher levels of trace elements are found near 
the industrial area as well as thermal power plant which was left out all the waste 
material through a channel in upper ganga canal which is recharge the most of study 
area (khurshid et.al 2004) or probably govern either by basement lithology or by 
anthropogenic source indicating the effects of effluents on ground water (Kulshrestha, 
2005). 
Twenty samples soil samples have been analyzed for major elements. The 
concentrations of major elements in the soil samples are comparatively higher than 
the water. 
The percent values of cations and anions of pre- and post-monsoon water 
samples have been plotted on tri-linear diagram. In order to designate hydro chemical 
facies of the study area Morgan and Winner (1962) and Back (1966). The plotting of 
analytical results shows that Na-K C1-S04 and-Ca- Mg-Cl S04 followed by Ca- Mg-
HC03 facies occur in pre and post groundwater as well as surface water samples of 
2006 and 2007 except in surface water 2007 Na- K -CI S04 followed by Ca- Mg-Cl-
S04 facies occurred. 
Gibbs (1970) variation diagram has been used to study the mechanism 
controlling water chemistry. It is observed that the water chemistry of the area 
occupies the field of rock dominance in indicating that the major mechanism 
controlling the water chemistry is the weathering of rocks in both pre and post-
monsoon water samples in 2006 and 2007. 
Modified piper diagram (Chadha, D.K., 1998) have been used for a suitable 
classification of natural water and also study their geochemical behaviours and anion 
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concentration decribablewithin define composition categories (Ophari and Toath, 
1989). In the modified piper diagram, the difference in percentage between alkaline 
earths (calcium and magnesium) and alkali metals (sodium and potassium) in terms of 
percentage reacting values is plotted on x-axis while the difference in percentage 
between weak acidic anions (carbonate and bicarbonate) and strong acidic anion 
(chloride and sulphate) in the terms of percentage reacting values is plotted on y-axis. 
For representing the primary character of water, the rectangular field is subdivided 
into sub fields each representing different water type. It is observed from the majority 
of the pre and post monsoon of groundwater and surface water samples in 2006 fall 
in the sub field-7 represent alkali metal exceeding alkaline earth and strong acid 
exceeding weak acid such water will have salinity problem both in irrigation and 
domestic type. The field 7 represent Ca-Mg CI type second dominant field 8 shows 
alkali metal exceeding alkaline earth and weak acid exceeding strong acid such water 
imparts residual sodium carbonate hazards in irrigation use and would caused 
foaming problem in boiler this field representing Na- HC03 type of water and field 6 
indicating temporary and permanent hardness respecfively. Same posifions have been 
observed in groundwater as well as surface water in 2007. The majority of the pre and 
post monsoon of groundwater and surface samples in 2007 fall in the sub field-7 
represent alkali metal exceeding alkaline earth and strong acid exceeding weak acid 
such water will have salinity problem both in irrigation and domestic type. The field 7 
represent Ca-Mg CI type second dominant field 8 shows alkali metal exceeding 
alkaline earth and weak acid exceeding strong acid such water imparts residual 
sodium carbonate hazards in irrigation use and would caused foaming problem in 
boiler this field representing Na- HC03 type of water and field 6 indicating temporary 
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and permanent hardness respectively . Same positions have been observed in 
groundwater as well as surface water in 2006 and 2007. 
Most of the groundwater samples of pre- and post-monsoon of 2006 belongs to 
the categories of C2S1, C3S1, C3S2 ,C3S3 and C4S2 which falls within the zone good 
water quality, moderate water and bad water class. Only three sample having the E.G. 
value 2000 while surface water shows C2S1C3S1 andC3S2 class which falls within in 
the good to moderate quality of water.. The values of percent sodium against EC are 
compared and plotted on Wilcox diagram of pre and post monsoon ground water 
samples. The diagram reveals that there is variation in the water quality of the area. 14 
samples in pre and 16 samples in post-monsoon of the water samples fall in excellent 
to good,23 sampels of pre and 20 samples in post falls in permissible to doubtful 
categories 4 samples of pre 5 samples of post falls in doubtful to permissible 
categories, 6 samples in pre 7 samples fall in good to permissible and only one 
samples of pre and post samples falls in unsuitable categories in 2006 and 12 samples 
in pre and 16 samples in post-monsoon of the water samples fall in excellent to 
good,22 samples of pre and 18 samples in post falls in permissible to doubtful 
categories 5 samples of pre 6 samples of post falls in doubtful to permissible 
categories, 7 samples in pre 7 samples fall in good to permissible and only one 
samples of pre and post samples falls in unsuitable categories in 2007.In surface water 
samples 7 samples in pre and 9 samples in post-monsoon of the water samples fall in 
excellent to good,4 samples of pre and 3 samples in post falls in permissible to 
doubtful categories 1 samples of pre 1 samples of post falls in doubtful to permissible 
categories, 6 samples in pre 6 samples fall in good to permissible categories in 2006 
and 7 samples in pre and 8 samples in post-monsoon of the water samples fall in 
excellent to good,8 samples of pre and 6 samples in post falls in permissible to 
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doubtful categories 1 samples of pre 1 samples of post falls in doubtful to permissible 
categories, 4 samples in pre 5 samples fall in good to permissible categories in 2007 
An attempt has also been made to evaluate the possible factors controlling 
variation in groundwater chemistry and to infer possible changes that occur in two 
time periods that is post and pre-monsoon groundwater quality. A number of X-Y 
plots were prepared between Na+K - Ca+Mg, HCO3 - Ca+Mg, HCO3 - CI + SO4, 
Na+K-Cl, Ca+Mg-HCOs and Ca-S04 for deciphering various chemical alteration 
trends of groundwater and suggest that alkalies are more abundant than Ca and Mg. 
On the basis of plot HCO3' vs Cr+S04" reveals that the groundwater in the area is 
classify into two groups i.e. HCO3' > CI" + SO4 and CI-+SO4' < HCO3. Ca^^Mg^* 
and HCO3 plot suggest a moderately good correlation of pre- and post-monsoon 
samples. Na-S04-HC03 type facies is more evolved in ion exchange reaction and 
SO4" relation enrichment in the groundwater of the study area. 
Ground water pollutions in the basin are due to indiscriminate disposal of 
industrial wastes and thermal power plant on land and surface water channels. Present 
investigation has revealed that the major elements as well as heavy metals govern by 
basement lithology which is characterized as alternate beds of sand, gravel and silt. 
clay which also be contributed from hydration of the above mineral present in the 
ground. It also characterized by anthropogenic activity in the study area that 
pollutants have evidence from high concentrations of toxic metals and major 
elements. Water pollution from various industries can be minimized easily if steps are 
taken at the stage of planning and preparation of project by selecting proper site and 
appropriate technology. 
Keeping in view of the declining water level at places due to excessive 
withdrawal and deterioration in ground water quality, it is suggested that measures are 
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to be taken to stop further exploitation of ground water and continuous monitoring 
and ameliorative schemes should be implemented in groundwater resources. 
Pollution load from industrial and urban centers can be minimized by 
installing proper waste treatment and disposal system. Stabilization of ecosystem 
which involves reduction in waste input, removal of biomass, fish management and 
aeration is the most reliable measures to control water pollution. Recycling and 
wutihzation of waste is another way to control water pollution. Various kinds of 
wastes such as paper, pulp, municipal and urban waste can be recycled to generate 
cheaper fuel gas and electricity can be implemented in the area of study. 
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Appendix-2.1 
Rainfall data 
Year 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
I960 
1961 
1962 
1963 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
Annual rainfall (mm) 
399.28 
620.77 
555.49 
635.25 
335.28 
659.38 
502.92 
735,83 
599.94 
625.05 
502.92 
426.21 
535.43 
737.61 
357.12 
739.39 
879.09 
204.47 
701.8 
499.36 
374.79 
1020.82 
897.12 
446.78 
594.61 
593.09 
711.70 
519.99 
892.30 
1058.41 
610.1 
649.47 
340.36 
793.49 
799.84 
791.23 
421.38 
1178.6 
590.2 
834.3 
1025,2 
1153.9 
1004.9 
459.40 
1431.80 
822.0 
861.1 
675.20 
747.92 
391.4 
750.9 
686.1 
908.7 
497.8 
Year 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
Annual rainfall (mm) 
591.31 
557.78 
586.99 
690.88 
767,33 
653.54 
650.24 
380.40 
512.57 
525.52 
666.49 
568.70 
1304.03 
779.78 
709.67 
906.01 
466.85 
431.80 
649.98 
616.96 
1123.00 
659.9 
442.4 
789.5 
629.43 
618.00 
417.00 
569.3 
72.80 
370.8 
412.3 
697.4 
502.9 
557.8 
1306.3 
499.40 
801.8 
736.7 
794,4 
1277.2 
757.2 
923.1 
970.20 
1006.4 
783.5 
680 
1120 
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1425 
1220 
1145 
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Mean Rainfall (X) = XQ + C (UF / F) 
= 750+ 100 (-66/99) 
= 750-66.66 
= 683.33 mm 
Standard Deviation (SP) = C V U^ F / F - (UF / F ) 
=100 V(650/99) - ( -66 /99)^ 
= 100 V 6.5656-( 0.4444) 
= 100 V 6.1212 
= 100x2.4741 
= 247.41 mm 
Coefficient of Variation = (SD / mean) x 100 
= (247.41 / 683.33) X 100 
=36.20 % 
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APPENDIX-4.1 
Lithological logs of Boreholes Drilled by the State Tubewell Department in Kali-
Sengar Sub-Basin 
S. No. Lithology 
TUBEWELL NO. 18 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Surface clay 
Fine sand 
Fme sand & Bajri 
Fine to medium sand 
Medium sand & kankar 
Medium sand to coarse sand with kankar 
Fine sand & kankar 
Clay & kankar 
Fine sand & kankar 
Sandy clay & kankar 
Clay & kanbkar 
Clay kankar 
TUBEWELL NO. 2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Surface clay 
Kankar 
Sandy clay 
Fine sand 
Clay 
Kankar 
Fine to medium sand 
Clay 
Fine to medium sand 
Medium sand 
Cla> & kankar 
Fine sand & sand stone 
Clay & kankar 
Sticky clay 
Clay & kankar 
Sandy clay 
TUBEWELL NO. 3 
1 
2 
4 
5 
6 
7 
8 
9 
Surface clay 
Fine sand 
Clay 
Fine sand 
Medium sand & kankar 
Course sand & Bajri 
Medium sand 
Fine to medium sand 
Hard clay & kankar 
TUBEWELL NO. 6 
1 
0 
n 
J 
4 
Suiface cla) 
Kankai 
Clav & kankai 
Sand} clay 
Depth Range 
(meters) 
0 0 0 - 2 1 3 
2 1 3 - 9 44 
9 4 4 - 1 8 28 
18 2 8 - 2 4 38 
24 3 8 - 2 7 43 
27 4 3 - 3 2 91 
32 9 1 - 3 6 57 
36 5 7 - 3 8 40 
38 4 0 - 4 1 7 5 
41 7 5 - 4 4 19 
44 19-46 02 
46 0 2 - 5 0 59 
0 00 - 1 52 
1 52 - 2 43 
2 43 - 5 48 
5 48 - 7 92 
7 9 2 - 1 6 76 
16 76 -19 50 
19 50 -23 77 
23 77 -32 30 
32 3 0 - 3 9 62 
39 62 - 45 72 
45 72 - 66 44 
66 4 4 - 7 1 6 2 
71 62 -77 72 
77 7 2 - 8 9 91 
89 91-112 77 
11277-11887 
0 0 0 - 2 13 
2 1 3 - 6 4 0 
6 4 0 - 1 0 66 
1066-1432 
1432-1676 
1676-1889 
18 89 -22 25 
2225-2651 
2 6 5 1 - 3 0 17 
0 00 - 3 04 
3 04 - 6 09 
6 0 9 - 9 14 
9 1 4 - 1 2 19 
Thickness 
(meters) 
2 13 
731 
8 84 
6 10 
3 05 
5 48 
3 66 
1 83 
3 35 
2 44 
1 83 
4 58 
152 
091 
3 05 
2 44 
8 84 
2 75 
4 27 
8 54 
7 32 
6 10 
20 73 
5 18 
6 10 
12 19 
22 86 
6 10 
2 13 
4 27 
4 26 
3 66 
2 44 
2 13 
3 36 
4 27 
3 66 
3 04 
3 05 
3 05 
3 05 
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5. 
6, 
7. 
8. 
9. 
10 
11 
12 
13 
14 
15 
16 
Clays & kankar 
Sandy clay 
Clay kankar 
Sandy clay 
Medium sand 
Clay kankar 
Medium sand & kankar 
Clay & kankar 
Medium sand & sandstone 
Hard clay 
Fine to medium sand 
Hard clay & kankar 
LOCATION: 
TUBEWELL NO. 5 
1. 
2. 
J . 
4. 
5. 
6. 
7. 
8. 
9. 
TUB] 
1. 
2. 
J . 
4. 
5. 
6. 
7 
8 
9 
Surface clay 
Clay 
Fine sand 
Clay 
Medium sand 
Clay 
Medium sand 
Clay 
Hard clay & kankar 
EWELL NO. 42 
10. 
11. 
12. 
TUBEWE 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
IC 
11 
12 
13 
\4 
15 
\e 
. 
. 
. 
. 
Surface clay 
Sandy clay 
Clay & kanakr 
Fine sand 
Clay & kankar 
Fine sand 
Fine to medium sand 
Clay & kankar 
Fine to medium 
Clay 
Fine sand 
Clay 
LL NO. 65 and 22 
Surface clay 
Clay & kankar 
Fine sand 
Sand 
Fine sand & sand stone 
Clay & kankar 
Fine sand 
Fine sand & sand stone 
Medium sand & sand stone 
Clay & kankar 
Medium sand & sand stone 
Clay & kankar 
Medium sand & sand stone 
Clay 
Medium sand & sand stone 
Clay 
12.19-21.33 
21.33-27.43 
27.43-36.57 
36.57-39.62 
39.62-45.72 
45.72-47.24 
47.24-57.30 
57.30-60.65 
60.65-69.18 
69.18-76.20 
76.20-82.90 
82.90-91.44 
0.00-3.96 
3.96-9.14 
9.14-12.19 
12.19-13.71 
13.71-17.67 
17.67-21.33 
21.33-45.11 
45.11-57.30 
57.30-70.40 
0.00-3.04 
3.04-6.09 
6.09-27.43 
27.43-32.00 
32.00-41.14 
41.14-45.72 
45.72-56.08 
56.08-62.48 
62.48-72.54 
72.54-77.72 
77.72-87.78 
87.78-91.44 
0.00-3.04 
3.04-18.28 
18.28-21.33 
21.33-22.86 
22.86-27.43 
27.43-32.00 
32.00-36.57 
36.57-39.62 
39.62-44.50 
44.50-46.93 
46.93-53.64 
53.64-57.30 
57.30-64.00 
64.00-73.15 
73.15-81.68 
81.68-88.39 
9.14 
6.10 
9.14 
3.05 
6.10 
1.52 
10.06 
3.05 
8.53 
7.02 
6.70 
8.54 
3.96 
5.18 
3.05 
1.52 
3.96 
3.66 
23.78 
12.19 
13.10 
3.04 
3.05 
21.34 
4.57 
9.14 
4.58 
10.36 
6.40 
10.06 
5.18 
10.06 
3.66 
3.04 
15.24 
3.05 
1.53 
4.57 
4.57 
4.57 
3.05 
4.88 
2.43 
6.71 
6.71 
6.70 
9.15 
8.53 
6.71 
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TUBE WELL NO. !6 , 5 and 11 
1. 
2. 
J . 
4. 
5. 
6. 
7. 
8. 
9. 
Clay & kankar 
Hard clay 
Fine sand 
Medium sand 
Clay 
Medium sand & sand stone 
Hard clay 
Hard clay & kankar 
Clay 
TUBEWELL NO. 61 
1. 
2. 
-1 J. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Surface clay 
Sandy clay & kankar 
Medium sand 
Clay 
Fine sand 
Medium sand 
Coarse sand & kankar 
Fine sand 
Fine to medium sand 
Clay & kankar 
TUBEWELL NO. 69 
1. 
2. 
3. 
4. 
5. 
6. 
Surface clay 
Clay & kankar 
Fine sand 
Medium sand 
Coarse sand 
Clay & kankar 
TUBEWELL NO. 62 
1. 
2. 
J . 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Surface clay 
Clay & kankar 
Fine sand 
Clay 
Sand & kankar 
Clay & kankar 
Fine sand & sand stone 
Clay & kankar 
Fine sand 
Fine sand & sand stone 
Fine to medium sand 
Sandy clay & kankar 
Clay & kankar 
Clay 
TUBEWELL NO. 33 and 28 
1. 
2, 
J . 
4. 
5. 
6. 
7. 
8. 
9. 
Surface clay 
Clay 
Fine sand 
Fine sand & sand stone 
Clay & kankar 
Fine sand 
Sand with kankar 
Sand & gravel 
Fine sand 
0.00-15.24 
15.24-18.28 
18.28-24.38 
24.38-33.52 
33.52-36.57 
36.57-47.85 
47.85-91.44 
91.44-109.72 
109.72-149.35 
0.00-1.50 
1.50-6.09 
6.09-9.44 
9.44-16.15 
16.15-19.20 
19.20-21.94 
21.94-35.05 
35.05-38.10 
38.10-42.36 
42.36-57.42 
0.00-3.04 
3.04-4.26 
4.26-9.14 
9.14-12.49 
12.49-15.24 
15.24-19.20 
0.00-3.04 
3.04 -7.62 
7.62-10.36 
10.36-12.19 
12.19-16.45 
16.45-19.50 
19.50-28.95 
28.95-32.30 
32.30-35.35 
35.35-41.45 
41.45-45.72 
45.72-48.76 
48.76-65.0 
0.00-3.04 
3.04-8.53 
8.53-12.19 
12.19-14.32 
14.32-18.89 
18.89-21.94 
21.94-27.12 
27.12-29.56 
29.56-45.72 
15.24 
3.04 
6.10 
9.14 
3.05 
11.28 
43.54 
18.28 
39.63 
1.50 
4.59 
3.35 
6.71 
3.15 
2.74 
13.11 
3.05 
4.26 
15.06 
3.04 
1.22 
4.88 
3.35 
2.75 
3.96 
3.04 
4.58 
2.75 
1.83 
4.26 
3.05 
9.45 
3.35 
3.05 
6.10 
4.37 
3.04 
23.78 
3.04 
5.49 
3.66 
2.13 
4.57 
3.05 
5.18 
2.44 
16.16 1 
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10 
11 
12 
13 
Fine sand to medium 
Clay & kankar 
Fine sand & sand stone 
Soft clav 
TUBEWELL NO. 37 
\ Surface clav 
T 
4 
5 
6 
7 
8 
TUBEWE 
1 
2 
"1 
4 
5 
6 
7 
8 
9 
10 
II 
TUBEWE 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
10 
11 
Fine sand 
Soft clay & kankar 
Fine sand & kankar 
Hard clay 
Fine sand 
Clay & kankar 
Fine sand 
LL NO. 81 
Surface clay 
Sandy clay & kankar 
Clay 
Fine sand & kankar 
Medium sand 
Soft clay & kankar 
Fine sand & kankar 
Fine sand 
Hard clay & kankar 
Fine sand 
Hard clay 
LL NO. 70 and 44 
Surface clay 
Yellow sand 
Clay & kankar 
Fine sand 
Medium sand & kankar 
Hard clay & kankar 
Fine sand 
Coarse sand with kankar 
Clay & kankar 
Fine sand with kankar 
Clay & kankar 
TUBEWELL NO. 17 
1 
2 
-1 
4 
5 
6 
7 
8 
9 
10 
Surface clay 
Clay & kankai 
Fine sand 
Clay 
Clay & kankai 
Fine sand 
Soft clay & kankar 
Fine sand 
Fine sand & kankar 
Haid clay 
TUBEWELL NO. 1 
1 
2 
n 
J 
4 
Surface day 
Sand> clay 
Fine sand 
Cla\ liaid 
45 72-47 85 
47 8 5 - 6 0 35 
60 3 5 - 6 8 88 
68 88 -73 15 
0 0 0 - 2 13 
2 1 3 - 8 22 
8 2 2 - 1 9 20 
19 20 -2133 
2133-2621 
26 21-27 12 
27 12-3139 
3 1 3 9 - 3 9 62 
0 0 0 - 3 3 5 
3 3 5 - 5 4 8 
5 4 8 - 1 0 66 
10 6 6 - 1 2 80 
12 80-16.15 
1615-2011 
20 11 - 22 86 
22 8 6 - 2 6 5! 
2 6 6 1 - 3 0 17 
30 17-34 74 
34 7 4 - 3 7 49 
0 00 - 3 04 
3 04 - 6 09 
6 0 9 - 1 3 41 
1341-1645 
1645-1798 
17 9 8 - 2 0 72 
20 72 - 23 77 
23 7 7 - 2 9 87 
29 87 -32 91 
32,91-40 84 
40 84 - 43 89 
0 00 - 2 74 
2 74 - 3 96 
3 96 - 5 48 
5 4 8 - 8 5 3 
8 53 -12 80 
1280-1432 
1432-1889 
189 89-21 94 
21 9 4 - 2 6 82 
26 82-31 69 
0 00 - 2 74 
2 74 - 6 09 
3 3 5 - 7 0 1 
7 0 1 - 1 2 4 9 
2 13 
12 50 
8 53 
4 27 
2 13 
6 09 
10 98 
2 13 
4 88 
091 
4 27 
8 23 
3 35 
2 13 
5 18 
2 14 
3 35 
3 96 
2 75 
3 65 
3 66 
4 57 
2 75 
3 04 
3 05 
7 32 
3 04 
1 53 
2 74 
3 05 
6 10 
3 04 
7 93 
3 05 
2 74 
122 
1 52 
3 05 
4 27 
15 25 
4 57 
3 05 
4 88 
4 87 
2 74 
3 35 
3 66 
5 48 
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5. 
6. 
7. 
Fine sand 
Clay & kankar 
Fine sand 
TUBEWELL NO. 73 
1. 
2, 
J . 
4. 
5. 
6. 
7. 
8. 
TUBEWE 
1. 
2. 
3. 
4, 
5. 
6. 
7. 
8. 
9. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Clay 
Fine sand 
Sandy clay 
Clay & kankar 
Fine sand 
Clay & kanakr 
Fine sand & kankar 
Hard clay & kankar 
LL NO. 57 
Surface clay 
Clay & kankar 
Clay 
Fine sand 
Clay & kankar 
Clay 
Fine sand & sand stone 
Clay & kankar 
Fine sand 
Clay & kankar 
Medium sand 
Clay & kankar 
Fine sand & sand stone 
Medium sand 
Coarse sand 
Clay 
Medium sand 
Medium coarse sand 
Coarse sand & gravel 
Clay 
TUBEWELL NO. 22 
1. 
2. 
J . 
4 
5 
6 
7 
8 
9 
10. 
Surface clay 
Clay & kankar 
Hard clay 
Clay & kankar 
Fine sand 
Fine sand & sand stone 
Hard clay 
Clay & kankar 
Fine sand & sand stone 
Hard clay 
TUBEWELL NO. 26 
1 
2 
1 
4 
5 
6 
7 
8 
Clay 
Fine sand 
Fine sand & kankar 
Sand & kankar 
Hard clay & kankar 
Sand & kankar 
Clay & kankar 
Fine sand 
12.48-14.63 
14.63-23.46 
23.46-27.12 
0.00-1.82 
1.82-3.96 
3.96-8.22 
8.22-11.88 
11.88-14.63 
14.63-21.33 
21.33-27.73 
27.73-31.69 
0.00-3.04 
3.04-7.31 
7.31-12.19 
12.19-14.02 
14.02-15.84 
15.84-19.20 
19.20-27.12 
27.12-35.66 
35.66-38.10 
38.10-40.53 
40.53-43.28 
43.28-52.42 
52.42-53.94 
53.94-60.96 
60.96 - 66.44 
66.44-72.54 
72.54 0-74.98 
74.98-79.85 
79.85-88.39 
88.39-91.44 
0.00-3.04 
3.04-18.28 
18.28-21.33 
21.33-32.61 
32.61-35.66 
35.66-46.63 
46.63-49.68 
49.68-55.16 
55.16-67.05 
67.05-71.93 
0.00-3.04 
3.04-9.14 
9.14-19.81 
19.81-21.33 
21.33-25.90 
25.90-36.57 
36.57-52.42 
52.42-53.64 
2.15 
8.83 
3.66 
1.82 
2.14 
4.26 
3.66 
2.75 
6.70 
6.40 
3.96 
3.04 
4.27 
4.88 
1.83 
1.82 
3.36 
7.92 
8.54 
2.44 
2.43 
2.75 
9.14 
1.52 
7.02 
5.48 
6.10 
2.44 
4.87 
8.54 
3.05 
3.04 
15.24 
3.05 
11.28 
3.05 
10.97 
3.05 
5.48 
11.89 
4.88 
• 
3.04 
6.10 
10.67 
1.52 
4.57 
10.67 
15.85 
1.22 
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9 
10 
TUBEWE 
1 
2 
-1 
4 
5 
6 
7 
8 
9 
10 
n 
12 
Clay & kaiikar 
Fine sand 
^L NO. 27 
Silt face cla> 
Sandy clay 
Fine sand 
Clay 
Sandy clay 
Clay 
Coarse sand & kankar 
Clay & kankar 
Fine sand & kankar 
Fine sand 
Medium sand & kankar 
Clay with kankar 
TUBEWELL NO. 28 
1 
2 
4 
5 
6 
TUBEWE 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Fine sand 
Clay & kankar 
Fine sand 
Soft clay & kankar 
Hard clay & kankar 
Fine sand & kankar 
LL NO. 29 
Clay 
Fine sand 
Clay 
Clay & kankar 
Sandy clay 
Clay & kankar 
Fine to medium sand 
Medium to coarse sand 
Coarse sand 
Medium sand & sand stone 
Clay & kankar 
Medium sand stone 
Medium to coarse sand 
Clay 
Medium sand 
Clay 
TUBEWELL NO. 31 
1 
2 
4 
5 
6 
7 
8 
9 
Surface clay 
Fine sand 
Medium to coarse sand 
Clav & kankai 
Clay 
Sandy clay 
Clav & kankar 
Sandy clay & kankar 
Clay & kankai 
TUBEWELL NO. 58 
1 
2 
J 
Suiface cla> 
Fine sand 
Cla\ 
53 64 -56 08 
56 08-60 96 
0 00 - 2 43 
2 4 3 - 3 9 6 
3 96 - 5 79 
5 7 9 - 7 3 1 
7.31-11.58 
11.58-13 71 
13.71-16.76 
16.76-19.50 
19.50-22.86 
22.86-27.43 
27.43-28.95 
28 95-33.22 
0.00-8.53 
8.53-10.66 
10.66-12.19 
12.19-16.76 
16.76-21.64 
21.64-30.78 
0.00-9.14 
9.14-12.19 
12 19-18.28 
1828-21.33 
2133-36.57 
36 57-39 62 
39.62-45.72 
45.72-48 76 
48.76-51.85 
51.85-54.86 
54.86-60 96 
60.96-67.05 
67 05-73 15 
73 15-79 24 
79 24-85.34 
85 34-9144 
0.00-3 05 
3.05-45.41 
45.41-49.37 
49 37-73 15 
73.15-80.16 
80 16-86.25 
86 25-108 20 
108 20-137.16 
137 16-152 40 
0 0 0 - 3 0 5 
305-6.10 
6 10-12 19 
2 44 
4 88 
2 43 
1 53 
1 83 
1.52 
4.27 
2.13 
3.05 
2.74 
3.36 
4.57 
1.52 
4.27 
8.53 
2.13 
153 
4 57 
4.88 
9.74 
9.14 
3.05 
6.09 
3.05 
15 24 
3 05 
6.10 
3 05 
3.05 
3 05 
6 10 
6.10 
6 10 
6.10 
6 10 
6.10 
3.05 
42.36 
3.96 
23 78 
701 
6 09 
2195 
28 96 
15 24 
3.05 
3 05 
6 09 
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4. 
5. 
6. 
7. 
8, 
9. 
Fine to medium sand 
Clay 
Fine to medium sand 
Poor fine sand 
Fine to medium sand 
Hard clay 
TUBEWELL NO. 67 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Surface clay 
Kankar 
Fine sand 
Sandy clay with kankar 
Clay 
Fine sand 
Clay & kankar 
Clay 
Medium sand & sand stone 
Fine sand & sand stone 
Medium sand & sand stone 
Clay & kankar 
TUBEWELL NO. 46 
1 
2 
-1 
4 
5 
6 
7 
8 
9 
10. 
11. 
Surface clay 
Kankar 
Clay & kankar 
Clay 
Clay & kankar 
Fine to medium sand 
Clay & kankar 
Fine sand & sand stone 
Clay & kankar 
Clay 
Fine sand to medium sand stone 
TUBEWELL NO. 36 
1. 
2^  
J . 
4, 
5. 
6. 
7. 
8. 
9. 
Surface clay 
Fine sand with kankar 
Clay 
Kankar 
Fine sand with sand stone 
Medium sand with sand stone 
Clay with kankar 
Clav 
Clay with kankar 
TUBEWELL NO. 2 
1. 
2 
J. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Surface clay 
Clay & kankar 
Clay 
Clav & kankar 
Fine sand & sand stone 
Clav & kankar 
Fine sand 
Fine sand & sand stone 
Fine to medium sand 
Medium sand & kankar 
Clay & kankar 
12.19-15.24 
15.24-21.33 
21.33-27.43 
27.43-42.67 
42.67-45.72 
45.72-70.76 
0.00-3.05 
3.05-6.10 
6.10-9.14 
9.14-12.19 
12.19-22.86 
22.86-27.43 
27.43-36.57 
36.57-39.62 
39.62-45.72 
45.72-48.76 
48.76-60.96 
60.96 - 76.20 
0.00-3.05 
3.05-6.10 
6.10-12.19 
12.91-15.24 
15.24-36.57 
36.57-44.80 
44.80-51.81 
51.81-54.86 
54.86-57.91 
57.91-59.43 
59.43-80.77 
0.00-3.05 
3.05-9.15 
9.14-15.24 
15.24-18.28 
18.28-27.43 
27.143-42.67 
42.67-48.76 
48.76-51.81 
51.81-91.44 
0.00-3.65 
3.65-8.83 
8.83-13.41 
13.41-20.72 
20.72-30.78 
30.78-35.96 
35.96-38.40 
38.40-42.67 
42.67-48.76 
48.76-55.16 
55.16-56.99 
3.05 
6.09 
6.10 
15.24 
3.05 
25.04 
3.05 
3.05 
3.05 
3.05 
10.67 
4.57 
9.14 
3.05 
6.10 
3.04 
12.20 
15.24 
3.05 
3.05 
6.09 
3.05 
21.33 
8.23 
7.01 
3.05 
3.05 
1.52 
21.33 
3.05 
6.10 
6.10 
3.04 
9.15 
15.24 
6.09 
3.05 
39.63 
3.65 
5.18 
4.58 
7.31 
10.06 
5.18 
2.44 
4.27 
6.09 
6.40 
31.83 
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TUBEWELL NO. 56 
1. 
2, 
J . 
4, 
5. 
6. 
7. 
8. 
9. 
Surface clay 
Sandy clay 
Fine sand 
Clay & kankar 
Fine to medium sand 
Sandy clay 
Fine to medium sand 
Medium sand 
Clay kankar 
TUBEWELL NO. 63 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Surface clay 
Poor fine sand 
Fine sand 
Fine to medium sand 
Fine sand 
Fine to medium sand 
Clay & kankar 
Fine to medium sand 
Clay & kankar 
LOCATION: 
TUBEWELL NO. 25 
1 
2 
4 
5 
6 
7 
8 
9 
10. 
11. 
Surface 
Fine sand 
Fine to medium sand 
Medium sand 
Medium sand & sand stone 
Clay 
Fine sand 
Clay & kankar 
Fine to medium sand 
Fine sand 
Clay & kankar 
TUBEWELL NO. 7 
1. 
T 
J . 
4. 
5. 
6. 
7. 
Clay 
Fine sand 
Clay 
Fine to medium sand and kankar 
Clav 
Fine sand 
Clay to sticky clay 
TUBEWELL NO. 82 
1. 
2. 
J . 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Clay 
Fine sand 
Sand fine with kankar 
Clay & kankar 
Clay 
Clay & kankar 
Clay & kankar 
Clav and kankar 
Sand with kankar 
Clay with kankar 
TUBEWELL NO. 20 
0.00-1.52 
1.52-18.28 
18.28-25.90 
25.90-42.67 
42.67-48.15 
48.15-52.42 
52.42-57.91 
57.91-88.39 
88.39-100.58 
0.00-6.10 
6.10-24.40 
24.40-30.50 
30.50-48.80 
48.80-61.00 
61.00-79.30 
79.30-85.40 
85.40-97.60 
97.60-122.00 
0.00-6.10 
6.10-30.50 
30.50-36.60 
36.60-48.80 
48.80-67.00 
67.00 - 74.00 
74.00-80.10 
80.10-96.90 
96.90-122.80 
122.80-125.90 
125.90-128.90 
0.00-7.65 
7.65-12.50 
12.50-16.00 
16.00-25.20 
25.20-33.50 
33.50-47.00 
47.00-54.00 
0.00-9.80 
9.80-12.70 
12.70-15.70 
15.70-19.17 
19.17-25.04 
25.04-37.59 
37.59-40.84 
40.84-82.23 
82.23-85.23 
85.23-240.00 
1.52 
16.76 
7.62 
16.77 
5.48 
4.27 
5.49 
30.48 
12.19 
6.10 
18.30 
6.10 
18.30 
12.20 
18.30 
6.10 
12.20 
24.40 
6.10 
24.40 
6.10 
12.20 
18.20 
7.00 
6.10 
16.80 
25.90 
3.10 
3.00 
7.65 
4.85 
3.50 
9.20 
8.30 
13.50 
7.00 
9.80 
2.90 
3.00 
3.47 
5.87 
12.55 
3.25 
41.39 
3.00 
154.77 
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1 
-) 
J 
4 
3 
6 
7 
Top soil 
Silty clay with fine sand 
Silty grey with clay 
Fine sand with clay and kankar 
Fine sand with silty clay 
Medium sand grey 
Coarse sand with kankar 
TUBEWELL NO. 24 
1 
2 
-> 
4 
5 
6 
7. 
Top soil 
Clayey silt with fine sand 
Silt and clay grey 
Clayey silt with kankar 
Fine sand 
Fine clay with kankar 
Medium sand 
TUBEWELL NO. 44 and 57 
1. 
2. 
J . 
4 
5 
6 
Top soil 
Clayey silt with fine sand 
Clayey silt, grey with kankar 
Fine sand and silt 
Fine clay with little kankar 
Medium to coarse sand 
TUBEWELL NO. 28 and 35 
1 
2 
T J 
4 
5 
6 
Top soil 
Clayey silt and sand 
Clay grey with sand and silt 
Fine sand 
Clayey grey 
Medium sand 
TUBEWELL NO. 78 
1 
2 
4 
5 
6 
7 
8 
To soil 
Clayey silt and sand 
Clay grey and silt 
Silty sand and kankar 
Clay grey 
Fine sand 
Clay and silt 
Fine to medium sand 
TUBEWELL NO. 12 
1 
-) 
4 
5 
6 
7 
Top soil 
Clayey silt and fine sand 
Silt clay grey and fine sand 
Silt and sand 
Fine to medium sand 
Clay grey 
Medium sand 
TUBEWELL NO. 53 and 15 
1 
1 
-> 
4 
5 
6 
Top soil 
Cla}ey silt with sand 
Silt grey with clay 
Fine sand and silt 
Fine clay and silt 
Fine sand 
0.00-1.20 
1.20-7.20 
7.20-9.50 
9.50-13.50 
13.50-15.00 
15.00-21.50 
21.50-25.50 
0.00-1.50 
150-4.20 
4.20-8.60 
8.60-13.90 
13.90-17.40 
17.40-22.00 
22.00-24.00 
0.00-1.50 
1.50-4.50 
4.50-13.50 
13.50-18.00 
18.00-21.50 
21.50-23.50 
0.00-1.50 
1.50-6.30 
6.30-9.50 
9.50-13.50 
13.50-18.75 
18.75-20.25 
0.00-1.50 
1.50-5.40 
5.40-9.60 
9.60-13.40 
13.40-17.65 
17.65-19.65 
19.65-24.00 
24.00-25.50 
0.00-1.50 
1.50-7.20 
7.20-10.60 
10.60-14.80 
14.80-18.55 
18.55-25.20 
25.20-26.50 
0.00-1.50 
1.50-4.50 
4.50-7.70 
7.70-10.10 
10.10-12.25 
12 25 -18 50 
1.20 
6.00 
2.30 
4.00 
1.50 
6.50 
4 00 
1.50 
2.70 
4.40 
5.30 
3.50 
4.60 
2.00 
1.50 
3.00 
9.00 
4.50 
3.50 
2.00 
1.50 
4.80 
3.20 
4.00 
5.25 
1.50 
1.50 
3.90 
4.20 
3.80 
4.25 
2.00 
4.35 
1.50 
1.50 
5.70 
3.40 
4.20 
3.75 
6.65 
1.30 
1.50 
3.00 
3.20 
2.40 
2.15 
6.25 
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7. 
8. 
Fine clay grey 
Medium to coarse sand 
TUBEWELL NO. 23 and 70 
1. 
2, 
J . 
4. 
5. 
6. 
7. 
8. 
Top soil 
Clayey silt and kankar 
Silt and clay grey 
Fine sand and silt with little clay 
Fine sand and silt with little kankar 
Grey clay with little silt 
Medium sand and silt 
Coarse Jamuna sand 
TUBEWELL NO. 49 
] . 
2. 
J . 
4. 
5. 
6. 
7. 
Top soil 
"Clayey silt with fine sand 
Silt grey with clay and fine sand 
Fine sand and kankar 
Medium to fine sand 
Fine sand and kankar 
Medium to coarse sand and kankar 
TUBEWELL NO. 50 
1. 
2, 
J . 
4. 
5. 
Top soil 
Hard kankar and clay 
Clayey silt 
Yellowish grey sand 
Medium sand and kankar 
TUBEWELL NO. 46 
1. 
2. 
J . 
4. 
5. 
6. 
7. 
Top soil 
Clayey silt and sand 
Silt grey with clay 
Fine sand with kankar 
Fine sand with silt 
Clay grey 
Fine to medium sand 
TUBEWELL NO. 46 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Top soil 
Silt grey with cla 
Clay grey and silt with a little kankar 
Kankar with sand 
Kankar hard with clay and sand 
Clay sticky buff with a little kankar 
Clay buff with less of kankar 
Clay sticky buff with very little kankar 
Clay sticky buff with kankar 
TUBEWELL NO. 20 and 43 
1. 
2 
3. 
4. 
5. 
6. 
Top soil 
Silty clay with fine sand 
Silty clay 
Silty sand with kankar 
Medium sand and silt 
Clay with little silt 
18.50-21.00 
21.00-23.50 
0.00-1.30 
1.30-3.00 
3.00-5.00 
5.00-85.0 
8.50-12.50 
12.50-17.00 
17.00-18.50 
18.50-33.50 
0.00-1.60 
1.60-2.20 
2.20-5.20 
5.20-7.70 
7.70-19.15 
19.15-25.50 
25.50-30.00 
0.00-1.00 
1.00-2.00 
2.00-3.00 
3.00-6.00 
6.00-10.00 
0.00-1.20 
1.20-2.30 
2.30-4.80 
4.80-8.20 
8.20-11.95 
11.95-17.25 
17.25-18.50 
0.00-1.64 
1.64-6.56 
'6.56-13.77 
13.77-34.77 
34.77-47.24 
47.24-50.52 
50.52-71.52 
71.52-76.77 
76.77-82.34 
0.00-1.65 
1.65-5.50 
5.50-10.00 
10.00-14.50 
14.50-20.50 
20.50-24.00 
2.50 
2.50 
1.30 
1.70 
2.00 
3.50 
4.00 
4.50 
1.50 
15.00 
1.60 
0.80 
3.00 
2.50 
11.45 
6.35 
4.50 
1.00 
1.00 
1.00 
3.00 
4.00 
1.20 
1.10 
2.50 
3.40 
3.75 
5.30 
1.25 
1.64 
4.92 
7.21 
21.00 
12.47 
3.28 
21.00 
5.25 
5.57 
1.65 
3.85 
4.50 
4.50 
6.00 
3.50 
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Appendix 5.1 Drawdown Data At Atrauli 
Time since pumping started 
1 
2 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
56 
65 
75 
90 
105 
120 
Residential drawdown 
2.37 
2.04 
1.84 
1.72 
1.62 
1.54 
1.46 
1.30 
1.34 
1.31 
1.20 
1.14 
1.08 
1.02 
0.97 
0.86 
-
0.70 
-
0.60 
0.51 
0.45 
0.39 
0.32 
0.27 
0.24 
t/t^  
2.10x10' 
1.01x10' 
6.76x10 
5.1x10 
4.1x10 
3.43x10 
2.95x10 
2.60x10 
2.32x10 
2.10x10 
1.76x10 
1.53x10 
1.35x10 
1.21x1 
1.10x10 
9.00 
-
6.7 
-
5.44 
4.6 
4.07 
3.60 
2.20 
2.9 
2.6 
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Appendix 5.2 Recovery Data 
Appendix 5.3 Pumping Test Data near Jawan 
S.N. 
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0.12 
0.125 
0.125 
0.13 
013 
0.13 
0.135 
0.135 
0.140 
0.140 
0.145 
0.145 
0.150 
0.150 
0 150 
0.155 
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43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 
46.0 
48.0 
50.0 
52.0 
54.0 
56.0 
58.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
240.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
320.0 
340.0 
0.27 
0.27 
0.27 
0.27 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.29 
0.29 
0.30 
0.31 
0.31 
0.315 
0.32 
0.32 
0.32 
0.325 
0.32 
0.325 
0.33 
0.335 
0.335 
0.34 
0.34 
0.345 
0.345 
0.345 
0.345 
0.35 
0.355 
0.36 
0.36 
0.37 
0.37 
0.37 
0.37 
0.38 
0.38 
0.38 
0.38 
0.385 
0.385 
0.39 
0.385 
0.16 
0.16 
0.16 
0.16 
0.165 
0.17 
0.17 
0.17 
0.175 
0.175 
0.18 
0.18 
0.18 
0.18 
0.19 
0.19 
0.195 
0.20 
0.20 
0.20 
0.21 
0.215 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.225 
0.225 
0.23 
0.235 
0.235 
0.235 
0.24 
0.245 
0.245 
0.25 
0.25 
0.255 
0.255 
0.255 
0.255 
0.26 
0.26 
0.26 
0.265 
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92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
360.0 
380.0 
400.0 
420 0 
440.0 
460.0 
480.0 
500.0 
520.0 
540.0 
560.0 
580.0 
600.0 
620.0 
640.0 
660 0 
680.0 
700.0 
720.0 
740.0 
760.0 
780.0 
800.0 
820.0 
840.0 
860.0 
880.0 
900.0 
920.0 
940.0 
960.0 
980.0 
1000.0 
1020.0 
1040.0 
1060.0 
1080.0 
1100.0 
1120.0 
1140.0 
1160.0 
1180.0 
1200.0 
1220.0 
1240 0 
0.40 
0.40 
0.40 
0,40 
0.41 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.42 
0.42 
0.425 
0.425 
0.425 
0.425 
0.425 
0.415 
0.405 
0.405 
0.42 
0.42 
0.415 
0.415 
0.405 
0.405 
0.415 
0.42 
0.42 
0.42 
0.405 
0.405 
0.405 
0.365 
0.37 
0.36 
0.35 
0.31 
0.31 
0.31 
0.265 
0.275 
0.28 
0.28 
0.28 
0.285 
0.285 
0.285 
0.29 
0.29 
0.29 
0.29 
0.29 
0.29 
0.29 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.300 
0.295 
0.295 
0.30 
0.30 
0.305 
0.305 
0.30 
0.30 
0.31 
0.31 
0.31 
0.31 
0.31 
0.31 
0.31 
0.27 
0.27 
0.26 
0.355 
0.25 
0.24 
0.24 
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Appendix 5.4 Pumping Test Data and Observation during pumping near Sikandra- Rau 
Time since 
pump started 
"t" 
(minutes) 
0 
1 
2 
-< J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
Main Well Observation Well 
Water level Draw Down Water level Draw Down 
7.08 
10.13 
10.67 
10.72 
10.91 
10.96 
11.02 
11.12 
11.14 
11.25 
11.39 
11.48 
11.45 
11.57 
11.49 
11.51 
11.50 
11.63 
11.76 
11.69 
11.69 
11.78 
11.75 
-
-
11.75 
11.91 
11.73 
11.87 
11.91 
11.89 
11.93 
12.03 
11.90 
12.06 
12.05 
12.07 
12.07 
12.06 
12.15 
12.12 
12.16 
-
3.05 
3.59 
3.64 
3.83 
3.88 
3.94 
4.04 
4.07 
4.17 
4.31 
4.40 
4.37 
4.49 
4.41 
4.43 
4.42 
4.55 
4.68 
4.61 
4.61 
4.70 
4.67 
-
-
4.67 
4.83 
4.65 
4.79 
4.83 
4.81 
4.85 
4.95 
4.90 
4.98 
4.97 
4.99 
4.99 
4.98 
5.07 
5.04 
5.00 
7.33 
8.88 
9.17 
9.35 
9.48 
9.58 
9.69 
9.75 
9.81 
9.86 
9.92 
9.97 
10.02 
10.05 
10.09 
1012 
1015 
10.17 
10.20 
10.24 
10.27 
10.29 
10.32 
10.34 
10.36 
10.38 
10.39 
10.41 
1042 
10.44 
10.46 
10.49 
10.53 
10.56 
10.58 
10.61 
10.63 
10.65 
10.68 
10.69 
10.71 
10.72 
-
1.55 
1.84 
2.02 
2.15 
2.25 
2.36 
2.42 
2.48 
2.53 
2.59 
2.64 
2.69 
2.72 
2.76 
2.79 
2.82 
2.84 
2.87 
2.81 
2.94 
2.96 
2.99 
3.01 
3.03 
3.05 
3.06 
3.08 
3.09 
3.11 
3.13 
3.16 
3.20 
3.23 
3.25 
3.28 
3.30 
3.32 
3.35 
3.36 
3.38 
3.39 
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54 
56 
58 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
no 
115 
120 
130 
140 
150 
160 
170 
180 
195 
210 
225 
240 
270 
300 
330 
360 
420 
480 
540 
660 
780 
900 
1020 
1140 
1260 
1380 
1440 
1465 
12.15 
12.32 
12.16 
12.18 
12.35 
12.18 
12.20 
12.34 
12.32 
12.33 
12.41 
12.42 
12.50 
12.42 
12.52 
12.52 
12.53 
12.55 
12.53 
12.55 
12.62 
12.60 
12.80 
12.68 
12.79 
12.79 
12.82 
12.88 
12.94 
12.94 
13.02 
13.01 
13.11 
13,23 
13.24 
13.31 
13.32 
13.23 
13.33 
13.24 
-
13.38 
5.07 
5.24 
5.08 
5.10 
5.27 
5.10 
5.12 
5.26 
5.28 
5.25 
5.33 
5.34 
5.42 
5.34 
5.44 
5.44 
5.45 
5.47 
5.45 
5.47 
5.54 
5.52 
5.72 
5.60 
5.71 
5.71 
5.74 
5.80 
5.86 
5.86 
5.94 
5.93 
6.03 
6.15 
6.16 
6.28 
6.24 
6.15 
6.25 
6.16 
-
6.30 
10.75 
10.77 
10.70 
10.80 
10.83 
10.87 
10.91 
10.94 
10.97 
10.99 
11.02 
11.04 
11.07 
11.08 
11.10 
11.12 
11.16 
11.19 
11.22 
11.25 
11.28 
11.30 
11.32 
11.37 
11.38 
11.40 
11.48 
11.51 
11.55 
11.59 
11.64 
11.68 
11.73 
11.79 
11.84 
11.87 
11.92 
11.94 
11.96 
11.98 
11.98 
11.98 
3.42 
3.44 
3.45 
3.47 
3.50 
3.54 
3.50 
3.61 
3.64 
3.66 
3.60 
3.71 
3.74 
3.75 
3.77 
3.79 
3.83 
3.86 
3.89 
3.92 
3.95 
3.97 
3.99 
4.04 
4.05 
4.07 
4.15 
4.18 
4.22 
4.26 
4.31 
4.35 
4.40 
4.46 
4.51 
4.54 
4.59 
4.61 
4.63 
4.65 
4.65 
4.65 
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Appendix 5.5 Recovery Test Data of pumping Test 
Time since pump 
started in minutes (t) 
1466 
1467 
1468 
1469 
1470 
1471 
1472 
1473 
1474 
1475 
1476 
1477 
1478 
1479 
1480 
1481 
1482 
1483 
1484 
1485 
1486 
1487 
1488 
1489 
1490 
1491 
1492 
1493 
1494 
1495 
1497 
1499 
1501 
1503 
1505 
1507 
1509 
1511 
1513 
1515 
1517 
1519 
1521 
Time since pump 
stopped in minutes 
(0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
t/t' 
1466 
734 
489 
367 
294 
245 
210 
184 
164 
148 
134 
123 
114 
106 
99 
93 
87 
82 
78 
74 
71 
68 
65 
62 
60 
57 
55 
53 
52 
50 
47 
44 
42 
40 
38 
36 
34 
33 
31 
30 
29 
28 
27 
Residual drawdown in meters 
Main well Obs. well 
3.17 
2.75 
-
2.66 
2.42 
2.35 
2.30 
2.20 
2.12 
2.10 
2.06 
2.03 
1.97 
1.97 
1.98 
1.09 
1.82 
1.82 
1.73 
1.74 
1.73 
1.70 
1.62 
1.73 
1.63 
1.68 
1.66 
1.54 
1.57 
1.57 
1.57 
1.48 
1.44 
1.53 
1.47 
1.46 
1.38 
1.41 
1.25 
1.29 
1.30 
1.22 
1.27 
3.21 
2.86 
2.65 
2.50 
2.39 
2.29 
2.21 
2.14 
2.08 
2.02 
1.97 
1.93 
1.89 
1.85 
1.81 
1.79 
1.75 
1.72 
1.70 
1.67 
1.65 
1.62 
1.59 
1.57 
1.55 
1.54 
1.51 
1.50 
1.49 
1.49 
1.44 
1.40 
1.37 
1.34 
1.31 
1.28 
1.27 
1.25 
1.22 
1.20 
1.18 
1.17 
1.15 
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1523 
1525 
1530 
1535 
1540 
1545 
1550 
1555 
1565 
1575 
1585 
1595 
1605 
1615 
1630 
1645 
1660 
1675 
1705 
1735 
1765 
1795 
1825 
1855 
1885 
58 
60 
65 
70 
75 
80 
85 
90 
100 
110 
120 
130 
140 
150 
165 
180 
195 
210 
240 
270 
300 
330 
360 
390 
420 
26 
25 
24 
22 
21 
19 
18 
17 
16 
14 
13 
12 
11 
11 
10 
9 
9 
8 
7 
6 
6 
5 
5 
5 
4 
1.17 
1.18 
0.97 
1.13 
1.00 
0.84 
0.98 
0.98 
0.82 
0.89 
0.71 
0.72 
0.88 
0.74 
0.74 
0.77 
0.72 
0.61 
0.55 
.064 
0.37 
0.44 
0.40 
0.36 
0.34 
1.13 
1.12 
1.08 
1.05 
1.01 
0.99 
0.96 
0.92 
0.89 
0.84 
0.78 
0.73 
0.70 
0.68 
0.63 
0.60 
0.57 
0.54 
0.49 
0.45 
0.43 
0.39 
0.37 
0.33 
0.31 
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